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HAZARDCODE

HAZARD STATUS SUMMARY REPORT

CONCEPT : llOA-1

HAZARDDESCRIPTION

INITIAL PRPS

HAZARDLEVEL RATIOrlALE

* Applicable to Concept

TRACKIrlG

PAZARD
LEVEL STATUS REPARKS

STRUCTURES1000

1001 TANKAGELEAKSItlTO CRIT

ENCLOSEDVOLUI_ES

1002 LOSSOF N204TAr!K CRIT

PRESSURE

1003 ADAPTEROVERSTRESSED CRIT

DURINGGROUflDMATE

1004 PAYLOADBAY DOORS ; CRIT
DON'TOPEN

_IN PROPULSIOrl2000

"- * 2001

• 2002

• 2003

• 2004

* 2005

2006

2007

* 2008

* 2009

2010

* 2011

* 2012

* 2013

..APS 3000

* 3001

*_02

_03

*I, O0_

TKS,LIHES,FITTIMGSLK. CRIT

VENTTO P/L BAY CRIT

OFF DES.EtIG.INLETCOND. CRIT

PROP.MIXI_IGDURIHG CAT.
LANDING/RE-ENTRY

PROP.SLOSHDURINGDKING CRIT

CACHETK. & CRASHLANDG CAT

_H TANK IIiPLOSIOII CAT

ENG.BELLEUCKLESUNDER CRIT
TRANSPORTLOADS

N204TK. VENTSDURING CRIT
SAFING

I'IPEBOZZLEWON'TEXTrJD CRIT

KICKSTAGERE-EtITERS CAT

INCOMPLETECOtIIIECTnR CRIT
HOOKUPVEMTSFUI_ETO
PAYLOADBAY

TPS TILESLOSTFROM CRIT

N204VErlT

INADVERTErlTVErlT CRIT

LOSSOFPROP.ACQUISITIOI_CRIT

LOSSOF RETRV'LDELAY CRIT
MODULEAPS

ADD-ONAPS LOSS CRIT

DESIGN CRIT

..DESIGn! .CRIT

PROCDRS CONT

DESIGN CONT

DESIGN/PCDRCRIT

DESIGN/PCDRCRIT

DESIGN CRIT

DESIGN/TESTCAT.

SIMULATIONCRIT ,

DESIGN CAT

DESIGN CAT

DESIGN CRIT

PCDR CRIT

DESIGN CRIT

DESIGN CRIT

DESIGN CRIT

PCDR:DESIGNCRIT

PCDR CRIT

TEST CRIT

DESIGN CRIT

DESIGN CRIT

LOW:Oil ORBIT

LOW:ONOR.BIT

LOW:r_TING

_BD:DEPLOY

LOW.LAUNCHPAD

LOW:UP/ONISAFI_IG

LOW:THRUSTItlG

LOW:LANDG/ENTRY

_D:DOCKIIIG

CONCPTDELETED

CONCPTCHANGED

LOW:GROUND
TRANSPORT

M_D:SAFING

LOW:THRUSTI_IG

LOW:ASCENT

LOW:RESTOW

MOD:ENTRY

LOW:ENTRY/LOG

LGW:_S DOCKING

LOW:DOCKII_G

LOW:ONO_IT



* Applicable to Concept

BAZARDCODE

HAZARD STATUS SUMMARY REPORT

CONCE_T: ll0A-1

I!AZARDDESCP.IPTIOII
INITIAL

IU_.ARDLEVEL

/ . ,°

%.

TRACKING

BRPS PAZAP_

RATIONALE LEVEL STATUS REMARKS

o

AVIONICS _iO00

* 4001 Cr_l'TCOf_",ArJDOVERRIDE CAT

* qO02 PROP. COr_FIDSABSE_IT CAT

* 4003 ACS ELECTROrlICSFAILS CRIT

* _I004 It!ERTIALREF. & ATT. CRIT

DATA DEGP,ADED " 7;

riO05 ADD-ON AVIOXICSCAUSES CRIT

LOSS ATTITUDECO{ITROL......

.*4De6.... -AVIONICSDEGRADEDBY CRIT

-'_ IIIEtlERGYPARTICLES ..

_007 SR/IFIP£S ItlADVERTNTLY CAT

* 4008 LOSS OF SINGLE7J_TR CRIT

THER_IALCOIITROL500

* 5001 LOSS OF G:IIICOOLIIIG CAT

DURI_IGSOA_ACK

• 5002 LOSSFUELCELL I",EATREJ. CRIT

OP,DIIANCE6000

* 6001 PYROS IIIADVERT.IIIITIATEDCAT

6SE/AGE 7000

* 7001 CG OFF NOC!II!ALCAUSE DOOR CRIT

CONTACTAFTER ABORT

EPS 9000 ..

8001

9O02

* 9003

VENT REACTANTSSTEA_ TO CRIT

PAYLOADBAY

REACTAIITLEAKSTO SADDLE CRIT

PAGS

EOS POWER TO TUG FAILS OFF CRIT

DESIGN _CA$

DESlG_I CAT

DESIGN CRIT

PCDR CRIT
l

DESIGN CRIT

.," DESIG_ CONT

_DESIGrl/PCDRCRIT

DESIGII/PCDRCRIT

DESIGN CAT

DESIGII/PCDRCRIT

DESIGN CRIT

DESIGN/PCDR CRIT

DESIGN/PCDR CRIT

DESIGN/TEST CRIT

DESIGN CRIT

l'

./

LOW:IIEAREOS

LOW:EAR EOS

LOWdIEAREOS

LOW:SEP.FLT.

LOW:SEP.FLT.

LOW:SEP.FLT.

LOW:IN/rEAREOS

LOR:DEPL/P,ET,R','.

BOD:SAFItIG

LOW:SEP.FLT;

LOW:G{IDCIO

LOW:TUGRE_L

LOW:UPIORISAFt''_

_OD:ENrRY/L05

LOW:ASCENT

o
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SAFETY EVALUATION FORM- 1

HAZAR D

L

E

A

K

S

V

E

N

T

I

N

G

ON-

B

0

A

R

?
E.

S

I

D

U

A

L

S

SAFETY REQUIREMENT

o DETECTION ON GROUND

o PURGE ON PAD

o ISOLATE TANKS PRE/POST USE

D" EMErGEnCY DETANK HORIZONTAL

o EMERGENCY DETANK VERTICAL

o NORMAL HORIZONTAL DRAIN

o FRACTURE MECHANICS PROGRAM

o REDUNDANT SEALS

o ALL WELDED BALL JOINTS

4"

w"

4"

4"
4"
4"

o ISOLATE TANKS PRE/POST USE

o OVERBOARD VENTS UP/DOWN

o OVERBOARD CRYO VENTS UP/IX)WN

o VENTS LIQUID COMPATIBLE

o REDUNDANT VALVES FOR OVER-

BOARD VENT PATHS

_ CO_gIdq0_ B_-_T LANDINg _"
VERTICAL VENT _"

o HORIZONTAL VENT VIA GSE

o POST LANDING, HOOKUP VENTS _"
TO GSE'-

o VENT MPS/APS TANKS TO 20 PSIA

o VENT EPS TANKS TO 20 PSIA

o DEPLETE APS PRE-STOWAGE

o ABORT DUMP=VERTICAL

o DELETE MPS PRE-STOWAGE

,e V_%_JC_ P_S
0 DUMP MUST BE SHUTTLE COM-

PATIBLE ....

¢
M_

CONF IGiJRATI ON/S UBS YSTEM

0ooA -j.

aCV qS

_'T _c.o_._._t-GO '_{'l',

v"-
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+
C

0

L

L

T
S

0

N

F

I

R

E

0

R

E

X

P

L

0

S

I

0

N

THERMAL

CONTROL

C

R

A

S

H

SAFETY EVALIIATION FORM - K

_&.+.+

SAFETY REQUIREMENT

o MICROMETEROID SHIELD

o NO ,JETTISON OF SOLID DEBRIS

AT P/L ALTITUDES

CONFIGURATION/SUBSYSTEM

IA_s

t_+..,o, _ v,,,.Ioc;-l'_.
+.

o MINIMUM TRAPPED VOLUMES

o SEPARATE TANKS

d COWPROL TANKS-DELTA-P

o INERT TANKS POST USE

o PARAMETER READOUT TO EOS

o sRM S_E/ARM
o MID TANK PRESS. FRE-USE

o CONTAINMENT OF PYRO DEBRIS

o P/L BAYGN_DELUGE
o GN2 FREON 1301 FIRE EXTINGUI_

o INERT H2 TANK BAY

o AUTO DETECT CO()L LOOP FAIL

o FO/FS POST FLIGHT SAFING

O DESIGN. INTAcTISURVIVAL

o DESIGN RETAIN PAYLOAD

o DESIGN KICK STAGES TO NOT

SURVIVE ENTRY

o DESIGN RETRIEVAL DELAY

MODULES TO NOT SURVIVE

ENTRY

ce y 0%

w

,f

v"

 9 L c zcc

¢-

_r

14o7

-<
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HAZAR D

M

E

I{

F

A

I

L

S

TI_UST

A

B

E

R

R

A

T

I

0

N

S

SAFETY EVALUATION FORM - 3

SAFETY REQUIREMENT

o FAIL SAFE DESIGN

o LOCATOR PINS FOR FLUID

CONNECTOR PANELS

o PRECLUDE TUG TRANSLATION/

ROTATION DURING GROUND TUG/

ORBITER MATE

o SUPPORT AND CONSTRAIN ENGINE

BELL DURING GROUND HANDLING

o MAKE MPS NOZZLE EXTEND AND

RETRACT MECHANISMS REDUNDANT

SEI_ _.GIN_,,_ INLET PRESSURE
OH_NGES

o ISOLATE .APS TANKS

o SHUT DOWN MPE AUTO

o BELIEVE PRO!_JLSION PRESSURE

o PROPULSION SHUTOFF VALVES
UPSTREAM OF ENGINE VALVES

o QUALIFY APS FOR GAS BUBBLES

OR DEMONSTRATE'ADEQUACY OF

PROPELLANT ACQUISITION

o PRECLUDE INADVERTENT SRM

IGNITION

o REDUNDANT SAFETY CRITICAL

EQUIPMENT

o ADEQUATE CREW TRAINING

o COMMAND OVERRIDE

o APS SHUTDOWN AFTER RMS ENGAGE

o MAKE SELECTION OF WIDE/NARROW

DEADBAND FOR APS REIN3N_T

CONFIGURATION/SUBSYSTEM

¢-

T .

r

I t I t I' II I I I I t l 1 I I 1 I I I I I I I I I I I I I I t
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SAFETY EVALUATION FORM - h

SAFETY REQI)I_-'_NT

o CHANNEL REDUNDANCY

o JET FAILURE DETECTION

o SLOSH PROTECTION

o NO VENT TO PAYLOAD BAY

o NO FLUME IMPINGEMENT

4-

CONFIGURATION/SUBSYSTEM

I I I I

_ p

I I I I I i I II I I I I I I I I I I I I i I I I I I I I I i
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SAFETY EVALUATION FORM - 5

SAFETY_QUIREMENT

° •

o NO CREW SAFETYSFP
o APPROPRIATE SAFETY FACTORS

O MANNED SF FOR ABORT '

O 'PROVIDE SAFETY STATUS

o COMMAND OVERRIDE NEAR ORBITER

o PROTECTION OF EOS FROM TUG

o EMERGENCY MANUAL RELEASE: TUG

F_OM EOS

o PROVIDE SAFETY STATUS

o EOS CONTROL CRITICAL TUG

o NO DESTRUCT CHARGES

o PRESSURE ,RELIEF THROUGH EOS

o NO VENT. INTO PAYLOAD BAY

v"

o •PROVIDE SAFETY.STATUS q=

EQaC.QNTR0_ C_[TICAL TUGFUNCTf_NS. .... ,
o NO SPF Y.IELDING UNPROGRAMMED

MOTION _. "

CONFIGURATION/SUBSYSTEM

I

I I I I I J I I I t I I l I II



SAF_Y _,VALUATIO_FORM - 6 _)

§.

_!

_i"

z

-'Az ,

%D

O

N.

O.

R

B

!

T

G

E

N

E

P

A

2L _

0

SAFETY REC_JIREMENT

! , . •

PROVIDE SAFETY STATUS

ATTITUDE/TRANSIATION CONTROL

OF TUG BY EOS

NON-PROPULSIVI VE_.TING

o NO SFP YIELDING UNFROGRAMMED

MOTION

P_OVIDE SAFETY STATUS

V"

4"

V"

¢-

CONF IGURATION/SIIBSYSTEM

EOS CONTROL CRITICAL TUG

FUNCTIONS,

NO SFP YIELDING UNPROGRAMMED

MOTION ' " -
o PROVIDE FOR STATIU DISCHARGE

0 REDUCE PROF 6_ A 6r/PRESSURA_7
TO SAFE LEVEL PRIOR TO "

RETRIEVAL

o VERIFY EOS-TUG INTERFACES

SECURE

o .DON'T I_iECLUDE EOS INTACT

.ABORT

V"

/-

/-

_,__ _ _'T6_.
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C

8

0

R

D

I

N

A

N

C

E

SAFETY EVALUATION FORM - 7

•AFETY REQUIREMENT

O FS PER MSFC-HANDBOOK-505

o SATISFY FRACTURE MECHANICS

o FAIL SAFE MPS

4) AUT.Q P.E_IEF FOR TANKS

o DETECT POTENTIAL TANK
FAI_JRES

o ISOLATION VALVES UPSTREAM

ALL STA_RT VALVES
o EMERGENCY 0FF-LOADI]_G oN

LAUNCH PAD

A

<

o FO/FS DESIGN

o ONE COMMAND SHUTDOWN

..... • . , L

CONFIGURATION/SUBSYSTEM

t

v"

4"

, ,,,, , | ,

o RF LINKS EOS/TUG/PAYLOAD

o CRITICAL COMMAND/CONTROL

CIRCUITRY FO/FS

o NO SINGLE DETECTABDE OR
COMBINATION ,OF UNDETECTABLE

FAILURES CAD_SE PREMATURE

DETONATION

o SAFE UNUSEI_ FTROS

o SATISFY PTRO SPECIFICATION

REQUIREMENTS

v"

' , ,, h

I t I I I I I I I I i I t i I ! i I I I I I I I I I I _ _ i _ , , , o , .......
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* Applicable to Concept

i_.ARD CnDE

STATUS SUMMARY REPORT
CONCEPT 410AD-2

INITIAL
HAZARDDESCRIPTION H_/.AR.qLEVEL

TRACKING
FRPS HAZARD

RATIOt!ALELEVEL STATUS REf_ARKS

" 7..

_IN

-- .R-2001

* 2002

* 200:)

* 2004

STRUCTURES10{}0

* 1001 TANKAGELEAKSIt!TO CRIT
ENCLOSEDVOLUf',ES

* 1002 LOSSOF I'1204TANK CRIT

PRESSURE

* 1003 ADAPTEROVERSTRESSED CRIT
DURINGGROUNDI_ATE

* 1004 PAYLOADFAY DOORS ; CRIT

DO_I!TOPEN

PROPULSION2000

- TKS,LINES,FITTINGSLK. CRIT

VENTTO P/L BAY 'CRIT

OFF DES.ENG. INLETCO_'D.CRIT

PROP.TIIXINGDURING CAT.
LANDING/RE-ENTRY

* 2005 PROP.SLOSHDURItIGDKING CRIT

2006 CACHETK. & CRASHLANDG CAT

2007 R'}I TA_IKIftPLOSIOII CAT

* 2008 ENB,BELLBUCKLESUNDER CRIT
TRAf_SPORTLOADS

* 2009 N204TK.VENTSDURING CRIT
SAFING

2010 tt°E NOZZLE$_ON'TEXTIID CRIT

* 2011 KICKSTAGERE-ENTERS CAT
%

* 20]2 INCOfIPLETECOI'IIIECTnR CRIT

HOOKUPVENTSFUI_ETO
PAYLOADBAY

"2013 TPS TILESLOSTFROII, CRIT

N204VENT

" .._S 3000

* T,OO1

* T,OO2

* 3004

INADVERTENTVENT CRIT

LOSSOFPROP.ACQUISITION CRIT

LOSSOF RETRV'LDELAY CRIT

/IODULEAPS

ADD-ONAPS LOSS CRIT

DESIGN CRIT

..DESIGN (BIT

PROCDRS CO,IT

DESIGN CONT

DESIGN/PCDRCRIT

DESIGN/PCDRCRIT

DESIGN CRIT

DESIGN/TESTCAT.

SIMULATIONCRIT

DESIGN CAT

DESIGtl CAT

DESIGN CRIT

PCDR CRIT

DESIGN CRIT

DESIGN CRIT

DESIGN CRIT

PCDR:DESIGNCRIT

PCDR CRIT

TEST CRIT

DESIGN CRIT

DESIGN CRIT

LOW:OIlORBIT

LOW:ONORBIT

LOW:_TING

_OD:DEPLOY

LOW:LAUNCHPAD

LOW:UPION/SAFI_;G

LOW:THRUSTIIIG

LOW:LANDGIENTRY

MOD:DOCKIt_G

CO_ICPTDELETED

LOH:GROUIID
TRANSPORT

MOD:SAFING

LOW:THRUSTING

LOW:ASCENT

LOW:RESTOW

MOD:EflTRY

LOW:EflTRY/LOG

LOW:_S DOCKIIC3

LOW:DOCKItiG

LOW:ONO_IT



* Applicabl& 4o Concept

HAZARDCODE

HAZARD STATUS SUMMARY REPORT

CONCEPT 4!OAD-2

HAZARDDESCRIPTION
INITIAL HRPS

HAZARDlEVEL RATIO_JALE

, ..

TRACKING

HAZARD

LEVEL STATUS REMARKS

•AVIONICS4000

* 4001

* 4002

* 4003

* 400_

* 4005

CA/I'TcorvL_tlDOVERRIDE CAT

PROP. COr'_/_DSABSENT CAT

ACS ELECTROPIICSFAILS CRIT

IrJERTIALREF. & ATT. CRIT

DATA DEGP_ADED _;

ADD-ONA(/IOIIICSCAUSES CRIT

* 4006- --

* 4007

4008

LOSSATTITUDE COIITROL.....

-AVIONICS DEGRADEDBY CRIT

HIENERGY PARTICLES

SP,/IFIP_SIIIADVERTIITLY CAT

LOSS OF SINGLEXtFI'R CRIT

THERflALCONTROL500

-5001 LOSS OF GI:DCOOLIIJG CAT
DURINGSOA_ACK

*5002 LOSS FUEL CELL HUT REJ. £R!T

ORDtl/VICE6000

*[,001 PYROS IIIADVERT.INITIATED CAT

6SE/AGE7000

* 7001 CG OFF N_II!ALCAUSE DOOR CRIT

C_ITACTAFTER ABORT

EPS 9000,

"9001

*9OO2

* 9003

VErfl"REACTANTSSTEAM.TO CRIT

PAYLOADBAY

REACTP/ITLEAKSTO SADDLE CRIT

BAGS

EOS POWER TO TUG FAILSOFF CRIT

I)ESIGN _CAT

DESIGN EAT

DESIGN CRIT

PCDR CRIT

DESIGN CRIT

., DESIGN CONT

"DESIG_I/PCDRCRIT

DESIGN/PCDR CRIT

DESIGN CAT

D_I_PJIPC_P rDIT

DESIGN CRIT

DESIGI_/PCDRCRIT

DESIGN/PCDR CRIT

DESIGrl/TESTCRIT

DESIGN CRIT

!

#.

.J

LOW:NEAR EOS

LOW:NEAR EOS

LOW:NEAREOS

LOW:SEP. FLT.

LOW:SEP. FLT.

LOW:SEP. FLT.

LOW:IN/_IEAREOS

LOW:DEPL/RETRV.

HOD:SAFIt_G

,r,u.c_'o FLT,L.li.ln .: ,_L.f J

LOW:GIIDC/O

LOW:TUG RE_:VL

LOW:UPION/SAFI:;S

G

BOD:EHTRY/LOG

LOW:ASCENT
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SAFETY EVALUATION FORM - 1

"AzA_

L
E

' A

K
S

V
E

N

T

I

N

G

ON-

B

0

A

R
D

R

E.

S

I

D

U

A

L
S

SAFETY REQUIREMENT

, i ,*

o DETECTION ON GROUND

o PURGE ON .PAD

o ISOLATE TANKS PRE/POST USE
o EMERGENCY DETANK HORIZONTAL

o EMERGENCY DETANK VERTICAL
o NORMAL HORIZONTAL DRAIN

2 FR6_E ME_!._N._ICSPROGRAM
o REDUNI_T SEALS

o ALL WELD_D BALL JOINTS

0 ISOLATE TANKS PRE/POST USE

o _VERBOARD VENTS UP/DOWN

O OVERBOARD CRYO VENTS UP/DOWN
o VENTS LIQUID COMPATIBLE

o REDUNDANT VALVES FOR OVER-

B.OARD VENT PATHS
o CONDITION BAY POST LANDING
o VERTICAL VENT •.

o HORIZONTAL VENT VIA GSE

,,,q.PO_]Z__,_.NDI'N_, HOOKUP VENTS

o VENT MPS/APS TANKS TO 20 PSIA
o VENT EPS TANKS TO 20 PSIA

o DEPLETE APS PRE-STGWAGE
o ABORT DUMP=VERTICAL

o DELETE MPS PRE-STO_AGE
o VENT TUG. PAYLOADS

o DUMP MUST. BE SHUTTLE COM-

PATIBLE _..

4"
¢"
¢-

¢,
4-

V
¢,,

¢.-

w¢

j-.
¢-
¢-

CO?_F IGURATI ON/'SUHS YSTEM

I

i

i

I

1
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SAF_YEVAmATIONFO_ - Z "@'m

IHAZ
%D

C
0
L
L
I
S
0
N

F
I

R

E

0

R

E

X
P

S

I
0
IN

C

R

A

,%

H_

SAFETY REQUIREMENT

o MICROMETEROID SHIELD

o NO JETTISON OF SOLID DEBRIS

AT P/L ALTITUDES.

CONFIGURATION/SUBSYSTEM

o MINIMUM TRAPPED VOLUMES

o SEPARATE TANKS

o CONTROL TANKS DELTA-P

o INERT TANKS POST USE

o PARAMETER READOUT TO EOS

o SRM SAFE/ARM

v"

-.. ,,

-\
\

\

'%

oCONTAI_4ENT -OF P_ DEBRIS ,__"

o P/L_AY_N_._E_UCm |W'--
o 9N_;_0_ I30_;I_mm_U_S_ _,__
o INERT _/_ TANK BAY

o.AUTO DETECT COOL LOOP FAIL

o FO/FS POST FLIGHT SAFING

o DESIGN INTACT SURVIVAL
o DESIGN RETAIN PAYLOAD

o DESIGN Y_ICK STAGES TO NOT

0 DESIGN RETRIEVAL DELAY

MODULES TO NOT SURVIVE
ENTRY

W"

\
\

\

4"

I J I !IJll_IJ
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THRUST

A

B

E

R

R.

T

I

0

A_

S

C

O

M

M_
A

D

&

C

0

N

T

R

o
L

SAFETY REQUIREMENT

oFAI.L. _AFE D_I_N_,

SAFETY EVALUATION FORM - 3

o LOCATOR PINS FOR FLUID

CONNECTOB PAHE_S
o PRECLUDE TUG TRANSLATION/

ROTATION DURING. GROUND TUG/
ORBITER MATE

o SUPPORT AND CONSTRAIN ENGINE

BELL DURING GRQUND HANDLING

o MAKE MPS _OZZLE EXTEND AND
RETRACT MECHANISMS REDUNDANT

O SENSE" ENGINE INLET PRESSURE
CHANGES .,

o ISOLATE APS TANKS

o SHUT DOWNMPE AUTO

o PROE;LSION SHUTOFF VALVES
UPSTREAM OF EN_I4_E VALVES

o QUALIF_,_APS FOR GAS BUBBLES

OR DEMONSTI_TE ADEQUACY OF

PROPELLANT ACQUISITION
o PRECLUDE INADVERTENT _RM

IGNITION.,

O REDUNDANT SAFETY CRITICAL

EQUIPMENT

_ APS.s_"n_r_ _TZ_ R_S EN_AG_
o MAK]_ SELECTION OF WlDE/NARRO'_

]]EADBA_D FOR APS REDUNDANT
#

V

v"

w"

CONFIGURAT ION/SUBSYSTEM

!.l I.I I I I I I I I I I I I I' I i I llllIIIII I I I I I I I I I I I I i _
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LOSS

A

T

T

I

T
U

D

E

CONTROL

C

0

N

T

A

M

I

N

A

T

I

0

N

SAFETY REQUIREMenT

o c m snRFamDA CY
o JET FAILURE DETECTION

o SLOSH PROTECTYON

o NO VENT TO PAYLOAD BAy.

o NO PLUME IMPINGEMENT

SAFETY EVALUATION FORM -

CONFIGURATION/SUBSYSTEM

i ;

I :

(

, c

S

........................ i

i

i

I
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SAFETY EVALUATION FORM - 5

SAFETY REQUIREMENT

" v •

o NO CREW SAFETY SFP .'

o0 MANNED SF. FOR ABORT

6 PRO_D_ SAFEin'_T.ATUS•

o COMMAND OVERRIDE NEAR ORBITE_
o PROTECTION OF EOS FROM TUG

HAZARDS "

o EMERGENCY MANUAL RELEASE: TUG

FROM EOS

o PROVIDE SAFETY STATUS
o EOS CONTROL CRITICAL TUG

FUNCTIONS

o NO DESTRUCT CHARGES
o PRESSURE RELIEF THROUGH EOS

o NO VENT INTO PAYLOAD BAY

o PROVIDE SAFETY STATUS

o EOS CONTROL CRITICAL TUG

FUNCTIONS

o NO SPF YIELDING UNFROGRAMMED

MOTION /_

CONF IGURATION/SUBSYBTEM

,/

v'

I

!
I

I I I I I I I I I I I I I I I t I I I I I I I '!_ zl_ I j

• v -%
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SAFETY EVALUATION FORM - 7

P

R

0
P

U
L

S

I

0
N

A

P

V
I

0
N

I
C
S

0
R

D

I
N
A"

N
C
E

SAFETY REQUIREMENT

'O FS PER MSFC-HANDBOOK-505

o SATISFY FRACTURE MECHANICS

I ...... ..

o FAIL SAFE MPS
o AUTO _ELIEF FOR TANKS

o DETECT POTENTIAL TANK

FAILURES
o ISOIATION VALVES UPSTREAM

ALL START VALVES
o EMERGENCY OFF-LOADfNG ON

LAUNCH PAD

!

. , ,., • ,

o FO/FS DESIGN
o ONE COMMAND SHUTDOWN

'_m, Mm_s EOS/TU_/mrUm_
o CRITICAL COMMAND�CONTROL

CIRCUITRY FO/FS

' ' J i

O NO SINGLE DETECTABLE OR

COMBINATION OF UNDETECTABLE

FAILURES CAUSE PREMATURE

DETgNATION

o SAFE UNUSED PZROS ..

o SATISFY PYRO SPECIFICATION

REQUIREMENT_

I

i
, _ _ _j I

t II II flt f I

V

V"

J,= , •

4

4

I

CONFIGURATION/SUBSYSTEM
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HAZARDCODE

BAZARD STATUS S_Y REPORT

C0NCE_: 310-3A 310RE-3A

HAZARDDESCRIPTION

•

* Applies to Both

** Applies to 310RE only

TRACKItIG

INITIAL PRPS HAZARD

HAZARDLEVEL RATInr!ALELEVEL STATUS REt!ARKS

STRUCTURES10o0

* 100l TANKAGELEAKSIriTo CRIT
ENCLOSEDVOLUr',ES

* 1002 LOSSOF N204TNIK CRIT

PRESSURE

* 1003 ADAPTEROVERSTRESSED CRIT
DURINGGROUrJDMATE

100_ PAYLOADPAYDOORS ; CRIT
DON'TOPEN

I'IAINPROPULSIOrl2000 ....

2001 -- TKS,LINES,FITTINGSLK. CRIT

2002 VENTTO P/I.BAY CRIT

2003 OFF DES.F.J_, INLETCONP. CRIT

20011 PROP.MIXINGI)URING CAT.
LANDING/RE-ENTRY

2005 PROP.SLOSHDURINGDKING CRIT

2006 CACHETK, & CRASHLAHDG CAT

2007 _ TA_IKI_LOSION CAT

2008 ENG.BELLBUCKLESUNDER CRIT
TRAtISPORTLOADS

* 2009 N204TK. VENTSDURING CRIT
SAFING

2010 PIPENOZZLEWON'TEXI'flD CRIT

2011 KICKSTAGERE-ENTERS CAT

* 2012 INC_PLETECOPIIIECTOR CRIT

I.DOKIIPVETITSFUMETO
PAYLOADBAY

TPS TILESLOSTFROM CRIT

N2%
_* 2013

' .,APS30O0

* 3001

*_o2

** 3003

300_

INADVERTEtII"VEtlT CRIT

LOSSOFPROP.ACQUISITIONCRIT

LOSSOF RETRV'LDELAY CRIT

MODULEAPS

ADD-ONAPS LOSS CRIT

DESIGM CRIT

,.DESIGN £]_IT

PROCDRS COfiT

DESIGN CONT

DESIGfl/PCDRCRIT

DESIGN/PCDRCRIT

DESIGN CRIT

DESIGN/TESTCAT.

SIMULATIONCRIT

DESIGN CAT

DESIGN fAT

DESIGN CRIT

PCDR CRIT

DESIGN CRIT

DESIGN CRIT

DESIGN CRIT

PC,DR:DESIGNCRIT

' PCDR CRIT

TEST CRIT

DESIGN CRIT

DESIGN CRIT

LON:_I OP_IT

LOW:ONOP_IT

LOW:PATIrig

MOD:DEPLOY

LOW:LAUrICHPAD

LOW:UP/ON/_AFI._G

LOW:THRUSTING

LOW:LANDG/ENTRY

MOD:DOCKI_IG

CONCPTDELETED

CONCPTCHA_GED

LOW:GROUND
TRANSPORT

_D:SAFING

LOW:TXRUSTIfIG

LOW:ASCENT

LOW:RESTOW

MOD:E_ITRY

LOW:ENTRYILOG

LOW:P%ISDOCKI_IG

LOW:DOCKItIG

LOW:ONO_IT



Q .

ILe_.ARDCODE

HAZARD STATUS SUMMARY REPORT

CONCEPT: SIO-SA SIORE-SA

HAZARDDESCRIPTIOfl
INITIAL

HAZARDLEVEL
HRPS

RATIOHALE

, * Applies to Both

•* Applies to 310RE only

.
• ° ,_.

TRACKING

HAZARD

LEVEL STATUS REI',ARKS

B

t

AVIONICStlO00

* 4001

* 4002

. 4003

* 4004

4005

-*,.4006....

C/VI'TCOTT_AflDOVERRIDE

PROP. COr_AtIDSABSENT

ACS ELECTROrlICSFAILS

HIERTIALREF. & All'.

DATA DEGP_ADED

ADD-ONA(/IOIJICSCAUSES

CAT

CAT

CRIT

CRIT

-" -_I

CRIT

LOSSATTITUDECOtlTROL.....

•-AVIONICSDEGRADEDBY CRIT

HI EflERGYPARTICLES

4007 SIVtFIP£S INADVERT_.QLY CAT

4008 LOSS OF SINGLE XRI'R CRIT

TNERJ'Pd.CONTROL500

* 5001 LOSS OF Gr:DCOOLIIIG CAT

DURINGSOAF_ACK

* •5002 LOSS FUEL CELL HEAT RE,J. CRIT

ORDTINICE6000

* 6001 PYROS IIIADVERT.ItlITIATEDCAT

GSE/AGE7000

* 7001 CG OFF N_IItlALCAUSE DOOR CRIT

CO_|TACTAFTER ABORT

EPS 9000,

* 9001 VENT REACTArITSSTF_/V!.TO CRIT

PAYLOADBAY

. 9002 REACT/VITLEAKS TO SADDLE CRIT

BAGS

* 9003 EOS P(_,_ERTO TUG FAILSOFF CRIT

.._'P

DE,SIGN

DESIGfl

DESIGN

PCDR

DESIGN

., DESIGfl

DESIGN/PCDR

DESIGN/PCDR

_CAT.

CAT

CRIT

CRIT

CRIT

CONT

CRIT

CRIT

DESIGN CAT

DESIGtl/PCDRCRIT

DESIGN CRIT

DESIGN/PCDR CRIT

DESIGN/PCDR CRIT

DESIGII/I'ESTCRIT

DESIGN CRIT

!

N "

/
i"

LOW:NEAREOS

LOW:NEAREOS

LOW:NEAREOS

LOW:SEP.FLT.

LOW:SEP.FLT.

LOW:SEP.FLT.

LOW:IN,_IEAREOS

LOW:DEPL/P,E'IRV.

MOD:SAFI_'G

LOW:SEP.FLT

LOW:GIlDC/O

LOW:TUG REf,'VL

LOW:UP/ON/SAFi_cF_

liOD:ENTRY/LOG

LOW:ASCENT
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SAFETY EVALUATION FORM - 1
%

SAFETY REQUIremENT

L

E

A

K
S

o DETECTION ON GROUND
o PiNRGE ON PAD

o IBOLATE TANKS• PRE/POST USE

o EMERGENCY DETANK HORIZONTAL
6 EMERGENCY DETANK VERTICAL

o NORMAL HORIZONTAL DRAIN

o FRACTURE MECHANICS-PROGRAM

o REDUNDANT SEALS

o ALL WELDED BALL JOINTS

V

E

N

T

I

N

o ISOLATE'TANKS PRE/POST"USE

o OVERBOARD VENTS UP/DOW?N

o O.V_ERBOARI_ CRY0 VENTS UP/DOWN

o VENTS LI_JID_OMmTIBLE

o _UNDANT VALVESF_'OV_._-
BOARD VENT I_AT_ _ _ ""

0 CONDITI_ BAY POST LANDING

o VERTICAL .VENT •

6 _{ORIZONTAL VENT VIA GSE

o POST LA_ING, HOOKUP VENTS

To GS_

R

E

I

D

A_

S

o VENT MPS/APS TANKS TO 20 PSI_

o VENT EPS TANKS TO 20 PSIA
o DE_ETE APS PRE-STOWAGE

o ABDRT DUMP=VERTICAL • "-

o DELETEMPS PP_tSTC_AGE:
o VENT.'TUG PAYI_ L

o DUm_ MUST BE SHU_ _-
PATIBLE " _"

I I I I I I I I_:I I I r II

J
J
J
J

J

J

J

J

_1_- _.

CONF ICU RATION/S U5"SYS TEM

/

J

_0

I I I I I I I i I -I i.I

I

_o

_4o

I I i I I I I I I i i
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HAZARD

0
L

_ L

' 0

N

i F
I
R
E

' 0
R

E
X

B,
L:

0

-_m.r N
__o

.a

m

ITHERMALCONTROL

C
R

A

S

H

_-k.J

l.j_ll.!fl,

SAFETY EVALUATION FORM -- _.

SAFETY REQUIREMENT

..... |, , ,

o MICROMETEROID SHIELD

o NO JETTISON OF SOLID DEBRIS

AT P/L A_TI_DES

o MINIMUM TRAPPED VOLUMES

o SEPARATE TANKS
o CONTROL TANKS DELTA-P

o INERT TANKS _POST USE
o PARAMETER READOUT TO FJOS

o SRMS_E/APa
o MIB TANK PRESS. PRE-USE

o CONTAINMENT OF PYRO DEBRIS

o P/L BAY GN2 DELUGE

INERT ._2 TANK BAY

.

• a

o AUTO "DETECT COQL LOOP FAIL

O FO/FS POST FLIGHT SAFING

o DESIGN INTACT SURVIVAL

o DESIGN RETAIN PAY!_D
o DESIGN KICK STAGES TO NOT

SURVIVE ENTRY

o DESIGN RETRIEVAL DELAY

MODULES _9 NOT SURVIVE
ENTRY "_

CO F GUR T ON/SU2 TE 

.J /
4 ,/

¢-

,g

d
4",

!{] I tt I I I Irl_ t t t 1 Itl Ii I
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g
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HAZARD

{ ,

M
E
C
II

F

T

THRUST

A

B

I R
R
A

0
N
S

C

0

M

M
A

N

D
.

0

N
T

0

L

.... L ,

SAFETY EVALUATION FORM - 3

SAFETY REQUIREMENT

+

o FAIL SAFE DESIGN

o LOCATOR PINS FOR FLUIn

CONNECTOR PANELS

o PRECLUDE.TUG TRANSLATION/

•- R_N DU_._..GROUN_ TUG/

ORBITER MATE

o SUPPORT AND CONSTRAIN ENGINE

•BELL DURING GROUND HANDLING

o MAKE MP8 NOZZLE EXTEND A_
RETRACT MECHANISMS REDUNDANT

o SENSE ENGINE INLET PRESSL_E

CHANGES

o ISOLATE APS TANKS
o SHUT DOWN MPE AUTO
o RELIEVE PROFJLSION PRESSURE

o PROPULSION SHUTOFF VALVES
UPSTREAM 0F ENGINE VALVES

o QUALIFY _PS FOR GAS BUBBLES
_" O_ONBT_KDEQUA_ OF _

PROPEL_4+NT AC_.U!SITION

o FRF2LUDE n%ADVER_NT _RM

I_NITIG_'

o REDVNDANT SAFETY CRITICAL

EQUIPMENT

o ADEQUATE CREW TRAINING

o COMMAND OVERRIDE

o APS SHUTDOWN AFTER RMS ENGAG_

o MAKE SEI,_TION OF WIDE/NARR0_

4,

CONFIGURATION/SUBSYSTEM

/

/

J

J

,/

V"

/

/

J _ ,, ....... J /

I I 1 I I 111 I I 1 I I 11 I { I { I I l { { I l { { { { { t +
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LOSS.

A

T

T

I

T

U

D

E
?ONTROL ]

C

N

T

A

M

I

N

A

T

I

0

N

SAFETY REQUIREMENT

o CHANNEL REDUNI]ANCY

o JET FAILURE DETECTION
• . o

o SLOSH PROTECTION.

o NO VENT TO PAYLOAD BAY
o NO PLUME IMPINGEMENT

SAFETY EVALUATION FORM - 5 _@

•CONFIGURAT I0N/SUBSYSTEM

j3/ O- _ _31°gg- _A

I

_a.c. tack _,o_me,-_ OoeJo_ _0
q.

J

Ida-r= :

:b

-j
" (0 6_o z. _._:_e.

i[
Z ,;

I _JI I I 11 I

_-g _ Lr_CToC4_ C-_C(

I1111_ f! I-Irll flZlllill/j

_1',4

i I I i I f I i I I i I _ '
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SAFETY EVALUATION FORM - 5
&

SAFETY REQUIREMENT

o NO CR_W SAFETY SFP

'o APPROPRIATE SAFETY FACTORS

O MANNED SF FOR ABORT

o PROVIDE SAFETY STATUS

o COMMAND OVERRIDE NEAR ORBITER
o PROTECT_O_OF EOS FROM _O
H_ZAR_S"
EM_.NCY _L RELEASE,TU0"
FROM. EOS

J

J
/ -

CONFIGURATION/SUBSYSTEM

t
J

. :....... _.......... __ ...................... / .................. ,_L

o .PROVIDE SAFETY STATUS
o EOS CONTROL CRITICAL TUG
FUNCTIONS

o NO DESTRUCT CHARGES

o PRESSURE ,RELIEF THROUG H E.OS
o NO VENT INTOPAYLOAD BAY

jl

o PROVIDE SAFETY STATUS
o EOS .CONTROL CRITICAL TUG

FUNCTIONS

o NO SPF YIELDING tlNPROGRAMMED

MOTION

_IIII

V
/
J
/

J ....................

J

J

I I I I I I I' II I I I I I I I I I I I

J

v'
J

I I I I I I I I I I I I '
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SAFETY EVALUATION FORM - 6

• SAFETY REQUIREMENT

) PROVIDE SAFETY STATUS

O ATTITUDE/TRANSLAT ION C ONTROL
OF TUG BY-EOS

o NON_I_I,, • VE_TINq
o NO SFP YIELDING UNPROG2,AMMED

MOTION

PROVIDE SAFETY STATUS

EOS CONTROL CRITICAL TUG

FUNCTIONS

Io NO SFP y,IELDING UNPROGRAMMED

o PROVID_ FOR STATIC DXSC_KARGE_ '

To S_E,_WEL m_oR To
RETRIEVAL

o %'ERIFY EOS-TUG INTERFACES

SECURE

o RE_TE E_EROENC_ _G
•jETTISON _

o DON' T PRECLUDE EOS INTACT

ABORT

,f

""' I I I I I' I I I

CONFIGURATION/SOBSYSTEM
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SAFETY EVALUATION FORM - 7

SAFETy REQUIREMENT

O FS PER MSFC-HANDBOOK-505

o SATISFY FRACTURE MECHANICS

o FAI_. SAFE MPS

o AUTO RELIEF.FOR TANKS

O DETECT.POTENTIAL TANK

FAILURES .
o ISOLATION VALVES UPBTRFAM

ALL START VALVES

-,o EMERGENCY OFF-LOADiNG ON

LAUNCH PAD

CONFI GURATI ON/SUBSYSTEM

,,,

o RF LINKS EOS/TUG/PAYLOAD

o CRITICAL COMMAND/CONTROL

CIRCUITRY F0/FS

o NO SINGLE DETECTABLE OR

COMBINATION OF UNDETECTABLE
FAIL0]%ES CAUSE PREMATURE

DE%%).NATION

o SAFE UNUSED I_ROS

o SATISFY ITfRO SPECIFICATION

REd'JIlTS
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HAZARDCDDE

HAZAm_ 'STATUS SUM_RY REPO_

CONCErt 32OA-3A-320AE-3A

HAZARDDESCRIPTIO_I

* Applicable to Concept

TRACKING
INITIAL PRPS P_ZARD

HF2.ARDLEVEL RATIOr]ALELEVEL STATUS REi"ARKS

,&

"--x--

--x-

STRUCTURESlOOO

* 1001 TAI'I_GELEAKS It!TO
ENCLOSEDVOLIII_S

* 1002 LOSSOF N204 TANK
PRESSURE

* 1003 ADAPTEROVERSTRESSED

DURINGGROtlrlDMATE

* lOOq PAYLOAD_AY DOORS
DON'TOPEN

_IN PROPULSIOII2000 .- -

2001 -" TKS,LIflES,FII'I'IflGSLK.

2002 VENTTO P/L BAY

2003 OFI:DES.ENG. INLETCOND.

200/I PROP.I'IIXINGDURII%

LANDING/RE-ENTRY

2005 PROP.SLOSHDURINGDKING

2006 CACHETK, & CRASHLANDG

2007 _ T/_'IKIIIPLOSIOTI

2008 ENG,BELLBUCKLESUIIDER

TIWISPORTLOADS

2009 14204TK. _tlTSDURING
SAFING

2010 _ BOZZLEITON'TEXTtID

2011 KICKSTAGERE-EFITERS

2012. INCOIIPLETECONI_ECTOR
HOOKUPVENTSFUIIETO

PAYLOADBAY

* 2013 TPSTILESLOSTFROP!,

N204VBIT

', .APS3000

CRIT DESIGrl CRIT

CRIT ,.DESIGI!.£RIT

CRIT PROCDRS COtff

J CRIT DESIGN COHT

CRIT DESIGN/PCDRCRIT

CRIT - DESIGN/PCDRCRIT

CRIT DESIGN CRIT

CAT. DESIGtVI'ESTCAT.

CRIT SIMULATIO_CRIT

CAT DESIGN CAT

CAT DESIGN CAT

CRIT DESIGN CRIT

CRIT PCDR CRIT

CRIT DESIGN CRiT

CAT DESIGN CRIT

CRIT DESIGN CRIT

CRIT F'CDR:DESIGNCRIT

* 3001 INADVERTENTVE_IT CRIT ' _DR CRIT

* _02 LOSSOFPROP.ACQUISITION CRIT TEST CRIT

3003 LOSSOF RETRV'LDELAY CRIT DESIGN CRIT
MODULEAPS

* )OOq ADD-ONAPS LOSS CRIT DESIGN CRIT

LOW:OfforbiT

LOW:ONORBIT

LOW:P_TING

MOD:DEPLOY

LOW:LAUNCHPAD

LOW:UP/ON/SAFING

LOW:THRUSTING

LOW:LANDG/ENTRY

MOD:DOCKIrlG

C_CPT DELETED

CONCPTCHA_GED

LOW:GROUI;D
TRANSPORT

MOD:SAFING

LOW:THRUSTING

LOW:ASCENT

LOW:RESTOW

MOD:ENTRY

• LOW:EIITRYILOG

L()W:RI'ISDOCKII';G

LOW:DOCKIrJG

LOW:01'IO_IT



qm

BAZARDCODE

HAZARD STATUS SUMMARY REPORT"

CbNCEP_ 320A-3A-320AE-3A

HAZARDDESCRIPTIOII
INITIAL HRPS

HAZAP_LEVEL RATIONALE

w

°

* Applicable to Concept

, ..

TRACKING

HAZARD

LEVEL STATUS REMARKS

.°

,-,X-

AVIONICSbOO0

_001

_002

4OO3

qooq

4005

CAN'T COIW_NDOVERRIDE CAT

PROP. COt'_HArIDSABSENT CAT

ACS ELECTROTIICSFAILS CRIT

IIIERTIAL"REF, & ATT, CRIT

DATA DEG_DED .- -_

ADD-ONAVIO_HCSCAUSES CRIT

LOSS ATTITUDECOI]TROL.....

*- 4(W)6,---- -AVIONICS DEGRADEDBY CRIT

-" HI-ENERGYPARTICLES

* 4001 S_ FIRFS IIV_DVEP,TIITLY CAT

_008 LOSS OF SINGLEX_l'r CRIT

THERMALCOIITROL500

5001 LOSS OF GI:DCOOLIIIG CAT

DURIIIGSOAY_CK

* -5002 LOSS FUEL CELL H_T REJ, CRIT

ORDr_ICE6000

* 6001 PYROS Irb_DVERT.ItIITIATEDCAT

6SE/AGE7000

* 7001 CG OFF NOfllILALCAUSE DOOR CRIT

CO{tTACTAFTER ABORT

EPS9000 :

9001

90O2

9003

VEtfrREACTA_KSSTE/V!.TO CRIT

PAYLOADBAY

REACIA%ITLEAKS TO SADDLE CRIT-

BAGS

EOS POWER TO TUG FAILSOFF CRIT

..4mD

DESIGN _CAI-I

DESIGN CAT

DESIGN CRIT

PCDR CRIT
#

DESIGN CRIT

., DESIGN C_T

-DESIGII/PCDRCRIT

DESIGN/PCDR CRIT

DESIGN CAT

DESIGN/PCDR CRIT

DESIGN CRIT

DESIGN/PCDR CRIT

DESIGN/PCDR CRIT

DESIGN/TEST CRIT

DESIGN CRIT

!

/

LOW:NEAREOS

LOW:NEAREOS

LOW:NEAREOS

LOW:SEP,FLT,

LOW:SEP.FLT.

LOW:SEP.FLT.

LOW:INIflEAREOS

LOW:DEPL/RETR'A

MOD:SAFIIIG

LOW:SEP,FLT_

LOW:GNDCl0

LOWJUG REf_L

LOW:UPIONISAFI_;S

BOD:ENTRY/LOG

LOW:ASCEIIT



<

I
W

C)

I
0

me

1.1_

r_

r_

N

.-J
<

ILl

W
(_.)
Z

CL
W
(_)

C_
I.L.

ILl
_J

Z
C_

C_

im

N

-'1--

E_. I--- ,,-'_ O0 Z --.J I0::_ Z _

_" O- _ "_1:1 GO --J LL. ':_: I---

0 I-- r,_ C_ C:L I--" -J _: .--I
Z Z _-- CZ. _- 0 Z >- 0 --.J

LJ-
GO

L._

0

CO
I_tJ
(._,)

0
CO

--!-



,l:l

_u
O3

,.=.-,I

tO
.=-I

o3

¢)

0







-- 0

m ,

_ E

=-

o

@

L

E

A

K

S

V

E

N

T

I

N

G

ON-

B

0

A

R

D

R

E-

S

I

D

U

A

L

S

SAFETY EVALUATION FORM - i

SAFETY REQUIREMENT

o DEFECTION ON GROUND

o PURGE ON PAD

o ISOLATE TA_C6Z PRE/P(_ST USE

o EMERGENCY DETANK HORIZONTAL

o EMERGENCY DETANK VERTICAL

o NORMAL HORIZONTAL DRAIN

o FRACTURE MECHANICS PROGRAM

o REDUNDANT SEALS

o ALL WELDED BALL JOINTS

o ISOLATE TANKS PRE/POST USE

o OVERBOARD VENTS UP/DOWN

o OVERBOARD CRYO VENTS UP/DOWN

o VENTS LIQUID COMPATIBLE
o REDUNDANT VALVES FOR OVER-

BOARD VENT PATHS

o CONDITION BAY POST LANDING

o VERTICAL VENT

o HORIZONTAL VENT VIA GSE

o POST LANDING, HOOKUP VENTS
TO GSE

o VENT MPS/APS TANKS TO 20 PSIA
o VENT EPS TANKS TO 20 PSIA

o DEPLETE APS PRE-STOWAGE

o ABORT DUMP=VERTICAL

o DELETE MPS FRE-STOWAGE

o VENT TUG PAYLOADS

o DUMP MUST BE SHUTTLE COM-
PATIBLE

A R E "_#,.QLo,,/

CONFIGURATION/SUBSYSTEM _,
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SAFETY EVALUATION FORM -

_6A
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I
S

0

N
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I
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0

R

E

X

P

L

0

S

I

0

N

SAFETY REQUI_

o MICROMETEROID SHIELD

o NO JETTISON OF SOLID DEBRIS

AT P/L ALTITUDES

o MINIMUM TRAPPED VOLUMES

o SEPARATE TANKS

o CONTROL TANKS DELTA-P

o INERT TANKS POST USE

o PARAMETER READOUT TO EOS

o SRM SAFE/ARM
o MII_!TANK PRESS. PRE-USE

o CONTAINMENT OF PYRO DEBRIS

o P/L BAY GN2 DELUGE

o GN2 FREON 1301 FIRE EXTINGUIS

o INERT H2 TANK BAYS

T_RMA_

si

o AUTO DETECT COOL LOOP FAIL

o FO/FS POST FLIGHT SAFING

o DESIGN INTACT SURVIVAL

o DESIGN RETAIN PA___
o DESIGN KICK STAGES TO NOT

SURVIVE ENTRY

o DESIGN RETRIEVAL DELAY

MODULES TO NOT SURVIVE

ENTRY

v"

,i

o

CONFIGURATION/SUBSYSTEM

v"
,f
v_

v_

v"
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v"
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SAFETY EVALUATION FORM - 3

SAFETY REQUIREMENT

o FAIL SAFE DESIGN

o LOCATOR PINS FOR FLUID

CONNECTOR PANELS

o PRECLUDE TUG TP_/TSLATION/

ROTATION DURING GROUND TUG/
ORBITER MATE

o SUPPORT AND CONSTRAIN ENGINE

BELL DURING GROUND HANDLING

o MAKE MPS NOZZLE EXTEND AND

RETRACT MECHANISMS REDUNDANT
i

o SE-T_SEENGINE INLet PRESSURE

CHANGES

o ISOLATE APS TAN_

o SHUT DOWN MPE AUTO

o RE%IEVE PROPULSION PPJ_SS_/RE

o PROPULSION .SHUTOFF VALVES
UPSTREAM OF ENGINE VALVES

o QUALIFY APS FOR GAS BUBBLES

OR D_4ONSTRATE ADEQUACY OF

PROPELIANT ACQUISITION

o PRECLUDE INADVERTENT SRM

IGNITION

o REDUNDANT SAFETY CRITICAL

EQUIPMENT

o ADEQUATE CREW TRAINING
o COMMAND OVERRIDE

o APS SHUTDOWN AFTER RMS ENGAGE

o MAKE SELECTION OF WIDE/NARROW
DEADBAND FOR APS REDUNDANT

CONFIGURATION/SUBSYSTEM

¢
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V"

v"

V"

v"
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SAFETY RE_

l Illll l l l l lll , l l l ,1 II ll

o CHANNEL REDUNDANCY

o JET FAILURE DETECTION

o SLOSH PROTECTIC_

o NO VENT TO PAYL(IAD BAY

o NO PII]ME IMPINGES_ENT

CONFrGURATION/SUBSrSTE_

V"
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SAFETY EVALUATION FOP.M - 5

ZA

RD

G

E

N

E

R

A

L

SAFETY REQUIREMENT

:o NO CRE_ SAFETY SFP

I! APPROPRIATE SAFETY FACTORS
MANNED SF FOR ABORT

PROVIDE SAFETY STATUS

o COMMAND OVERRIDE NEAR ORBITER

o PROTECTION OF EOS FROM TUG

HAZARDS
o EMERGENCY MANUAL RELEASE: TUG

FROM E0S

"oiS o PROVIDE SAFETY STATUS

o EOS CONTROL CRITICAL TUG

FUNCTIONS

W

A

G

E

I

N

0

R

B

I

T

E

R

0

N

0

R

B

I

T

D

E

P

L

0

Y

4-

CONFIGURATION/SUBSYSTEM

o NO DESTRUCT CHARGES

o PRESSURE RELIEF THROUGH EOS

o NO VENT INTO PAYLOAD BAY "

o PROVIDE SAFETY STATUS

o EOS CONTROL CRITICAL TUG

FUNCTIONS

o NO SPF YIELDING UNPROGRAMMED

MOTION

L

Illtl,li,llltltllll'ltlllllllllillllllltlll_It
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SAFETY EVALUATION FOPS4 - 6

SAFETY REQUIREMENT

PROVIDE SAFETY STATUS

ATTITUDE/TRANSLATION CONTROL

OF TUG BY EOS

NON-PROFULSI VE VENTING

NO SFP YIELDING UNPROGRAMMED

MOTION

I PROVIDE SAFETY STATUS

EOS CO_fROL CRITICAL TUG

FUNCTIONS

NO SFP yIELDING UNPROGRAMMED

MOTIONo PROVIDE FOR STATIC DISCHARGE

Io REDUCE PROP _Ut _ _/PRESSUR'A_T

TO SAFE LEVEL PRIOR TO

RETRIEVAL

o VERIFY EOS-TUG INTERFACES

SECURE

o REMOTE EMERGENCY TUG

JETTISON

o DON'T PRECLUDE EOS INTACT

ABORT

CONF IGURATION/SOBSYSTF_M
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SAFETY REQUIREN_NT

o FS PER _ABFC-}L_NDBOOK-505

o SATISFY FRACTURE MECHANICS

o FAIL SAFE MPS

o AUTO RELIEF FOR TANKS

o DETECT POTENTIAL TANK

FAILURES

o ISOIATION VALVES UPSTREAM

ALL START VALVES

o EMERGENCY OFF-LOAD'2_G ON

LAUNCH PAD

i o FO/FS DESIC_No ONE COM;._AND SHUTDOWN

i

o RF LINKS EOS/TUG/PAYLOAD

o CRITICAL CON)4AND/CONTROL

CIRCCITRY FO/FS

o NO SINGLE DETECTABLE OR

COMBINATION OF UNDETECTABLE

FAILURES CAUSE PREMATURE

DETONATION

o SAFE D-h_USED PYROS

o SATISFY PYRO SPECIFICATION

REQUIREMENTS

V-
v--
V-

¢-

CONFIGURATI ON/SUI_SYSTEM
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* Applies to Both
** Applies to 31OARE-3B

K_b?,ARD CODE

HAZARD STATUS SUMMARY REPORT

CONCEPT 310-3B 310ARE-3B

INITIAL PRPS
IIAZARIIDESCRIPTI(_N H/_].AR9LEVEL RATIOtlALE

I_CKIrlG
PAZARD

LEVEL STATUS REI,ARKS

* 1001

* 1002

STRUCTURES.I0_0

TANK,AGE LEAKSIrffO
ENCLOSEDVOLUY.ES

LOSSOF N204TANK

PRESSURE

1003 ADAPTERO_RSTRESSED
DURINGGROUtJDr'_IE

1004 PAYLOADBAYDOORS

DON!TOPEN

MAINPROPULSIOIJ2000

- - 2001 -- TKS,LINES,FITTINGSLK.

2002 VENTTO P/LBAY

2003 OFF DES.ENG.INLETCOtlD.

2004 PROP.MIXINGDURIIIG
LANDING/RE-ENTRY

PROP.SLOSHDURIrlGDKIHG

CACHETK. & CRASHL_NDG

F_H TAt:KItIPLOSIOrl

ENG.BELLBUCKLESUNDER
TRANSPORTLOADS

N204TK. VErlTSDURING
SAFING

_E NOZZLEWON'TEXTND

KICKSTAGERE-ENTERS

INCO_IPLETECO_IrECTOR
HOOKUPVENTSFUI'IETO
PAYLOADBAY

TPS TILESLOSTFROM

N204VENT

2005

2006

2007

2008

2009

2010

2011

2012

* 2013

" .._S 3000

* 3001

* 3002

** 3003

** 300_

INADVERTEI_VENT gRIT

LOSSOFPROP.ACQUISITION CRIT

LOSSOF RETRV'LDELAY CRIT
MODULEAPS

ADD-ONAPS LOSS gRIT

gRIT DESIGfl CRIT

gRIT ..DESIGfl_.£RIT

gRIT PROCDRS CO_'IT

gRIT DESIGN CONT

CRIT DESIGi_/PCDRgRIT

"gRIT - DESIGN/PCDRgRIT

gRIT DESIGN gRIT

CAT. DESIGH/I'ESTCAT.

gRIT SIMULATIONgRIT

CAT DESIGN CAT

CAT DESIGN CAT

gRIT DESIGN CRIT

gRIT PCDR gRIT

CRIT DESIGN gRIT

CAT DESIGN gRIT

CRIT DESIGN CRIT

gRIT PCDR:DESIGNCRIT

PCDR gRIT

TEST gRIT

DESIGN CRIT

DESIGN CRIT

LOW:O_IORBIT

LOW:ONOP_IT

LOW:MATIrig

}DD:DEPLOY

LOW:LAU{ICHP_

LOIhUP/ON/SAFi_i5

LOW:THRUSTIt_G

LOW:LANDG/EI_TR*,'

MOD:DOCKI_IG

CO_ICPTDELET_

CONCPTCHAX_,ED

LOW:GROUND
TRANSPORT

_D:SAFING

LOW:THRUSTII_G

LOW:ASCENT

LOW:RESTOW

MOD:ENTRY

LOW:EI'_RYILOG

LOW:_S DOCKI_LS

LOW:DOCKII_G

LOW:OL'IORBIT
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* Applies t_. Both
** Applies .to 310ARE-3B

_AZARDCODE

HAZARD STATUS SUMMARY REPORT

CONCEPT 310-3B 310kRE-3B

!!AZAP,I)DESCRIPTION
INITIAL HRPS

HAZARDLEVEL RATIONALE

/
TRACKING

HAZARD

LEVEL STATUS REMARKS

*

*

*

_-_ _005

*- 4006 ....
.,L.--

•AVIONICS_000

4001 CAN'T CO_V_ANDOVERRIDE CAT

4002 PROP. CO?_IIDSABSENT CAT

4003 ACS ELECTRONICSFAILS CRIT

4004 IIIERTIALREF. & Al-I. CRIT

DATA DEGRADED -;_

ADD-OPtAVIOIIICSCAUSES CRIT

LOSS ATTITUDECO;ITROL.....

-AVIONICSDEG_DED BY CRIT

HIENERGY PARTICLES ..

4007 SRIIFIP,FS IPIADVERTI_TLY CAT

4008 LOSSOF SINGLEXJXTR CRIT

TNE_IALCONTROL500

* 5001 LOSSoF Gltl)COOLIIIG CAT

DURI_IGSOA_ACK

* 5002 LOSS FUEL CELL HEAT REJ. CRIT

ORDIIAPICE6000

* 6001 PYROS III_VERT.IIIITIATEDCAT

6SE/AGE7000

* 7001 CG OFF N_'!IPIALCAUSEDOOR CRIT

CONTACTARER ABORI"

EPS 9000 •

• 9001

* 9OO2

* 9OO3

VENT REACTA:_TSSTEAM,TO CRIT

PAYLOADBAY

REACTAPITLEAKS TO SLDDLE CRIT

BAGS

EOS POWER TO TUG FAILSOFF CRIT

DESIGN

DESIGPI

DESIGN

PCDR

DESIGN

.: DESIGM

_DESIGtl/PCDR

DESIGN/PCDR

DESIG_I

DESIGII/PCDR

DESIGN

DESIGN/PCDR

DESIGN/PCDR

DESIGII/T.EST

DESIGN

f

_CAT+

CAT

CRIT

CRIT

CRIT

CONT

CRIT

CRIT

CAT

CRIT

CRIT

CR!T

CRIT

CRIT

CRiT

/

LOW:NEAREOS

LOW:NEAREOS

LOW:PIEAREOS

LOW:SEP. FLT.

LOW:SEP.FLT.

LOW:SEP.FLT.

LOW:IN/IIEAREO$

LOW:DEPL/R_R/.

fiOD:SAFling

LOW:SEP,FLT;

LOW:GNDC/O

LOW:TUGREP?¢L

%Jn-'&;//vitll _I +,,i,_

NOD:EIITRY/LOG

LOW.ASCENT
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SAFETY _ALUATION FORM - 1

SAFETY REQUIREMENT

o DETECTIOI_ ON GROb_D

o Fu-RGE ON PAD

Io ISOmT_ TANXS_/POST USE
o EMERGENCY DETANK HORIZONTAL

o E_ERGENCY DETANK VERTICAL

o NOPA_AL HORIZONTAL DRAIN

o FRACTURE _'CHANICS PROGRAM

o REDUNDANT SEALS

o ALL WELDED BALL JOINTS

o ISOLATE TANKS PRE/POST USE

o OVERBOARD V_NTS UP/DOWN

o OVERBOARD CRYO V_TS UP/DOWN

o V_$TS LIQUID COMPATIBLE

o REDUNDANT VALVES FOR OVER-

BOARD VETYf PATHS

o CO_ITION BAY POST LANDING

o VERTICAL VENT

o HORIZO_PAL VEU_T VIA GSE

o POST LANDING, HOOKUP VENTS
TO GSE

o VENT MPS/APS TA_YKS TO 20 PSIA _

o VENT EPS TANKS TO 20 PSIA

o DEPLETE APS PEE-STOWAGE

o ABORT DUMP=VERTICAL

o DELETE MPS PRE-STOWAGE

o VET{T _JG PAYLOADS

o DUMP F_JST BE SHUTTLE COM-

PATIBLE
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SAFETY E_{ALUATION FORM - <'

SAFETY REQUIREMENT

o _±Cr,O_m±EROID SHIELD

o NO JETTISON OF SOLID DEBRIS

AT P/L ALTITUDES

CONF IGURAT ION/SUBS YSTF_M

o DESIGN INTACT SURVIVAL

o DESIGN RETAIN PAYLOAD

o DESIGN KICK STAGES TO NOT

SURVIVE ENTRY

o DESIGN RETRIEVAL DELAY

MODULES TO NOT SURVIVE

ENTRY.

o AUTO DETECT COOL LOOP FAIL

o FO/FS POST FLIGHT SAFING

4-

T-

V"

v"
v"
W

v"

v_

w"

v"

4-

V'-

d

_r

t0 MINIMUM TRAPPED VOLUMES

iO SEPARATE TANKS N._5,TF.._ T,a. _ _5
o CONTROL TANKS DELTA-P

o INERT TANKS POST USE

io PARAMETER READOUT TO EOS V"
•o SRM SAFE/ARM _4_&
o MI_I TANK PRESS. PRE-USE v-
o CONTAINMENT OF PYRO DEBRIS _6-

o P/L BAY GN2 DELUGE _"

O GN 2 FREON 1301 FIRE EXTINGUIS '4"

o INERT H2 TANK BAY 4"
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SAFETY EVALUATION FORM - 3

SAFETY REQUIREMENT

o FAIL SAFE DESIGN

o LOCATOR PINS FOR FLUID

CONNECTOR PANELS

o PRECLUDE TUG TRANSLATION/
ROTATION DURING GROUND TUG/

ORBITER MATE

o SUPPORT AND CONSTRAIN ENGINE

BELL DURING GROUND HANDLING

o MAKE MPS NOZZLE EXTEND AND

RETRACT MECHANISMS REDUNDANT

o SENSE ENGINE INLET PRESSURE

CHANGES

o ISOLATE APS TANKS

o SHUT DOWN MPE AUTO

o RELIEVE PROFULSION PRESSURE

o PROPULSION SHUTOFF VALVES

U_STREAM OF ENGINE VALVES

I o QUALIFY APS FOR GAS BUBBLESOR DEMONSTRATE ADEQUACY OF

i PROPELLA_NT ACQUISITION
o PRECLUDE INADVERT_ SRM

IGNITION

o REDUNDANT SAFETY CRITICAL

EQUIPMENT

o ADEQUATE CREW TRAINING

o CO_ND OVERRIDE

o APS SHUTDOWN AFTER RMS ENGAG_

o MAKE SELECTION OF WIDE/NARR02
DEADBAND FOR APS REDUNDANT

4-

4-

PA

v-

CO_YFIGURATION/SUBSYS TEM

_F

i I i | ! I I i I ! I i I ! I I I _ ! _" I I 1 I I I ! f | I I I ! ' I ! I I ! i ; _
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SAFETY EVALUATION FORM - 4

HAz SAFETY REQUIP__,NT

AR D

LOSS llo .r=_.i._,LRED_D_,JC_

A

T

T

I

T

U

D

E

COh_fROL

I_ JET FAI_]RE D_rECTION

SLOSH PROTECTION

v"

C

0

N

T

A

CO_O_RA'r_ON/S_SYSTL_

o NO V-_NT TO PAYLOAD BAY

o NO PLUME IMPINGEME_[f v"

__.o
=. r

o

o

°_ ",..-,

_I _ _-_ .....
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SAFETY EVALUATION FORM - 5

o

= 7_

-- m

0

Q

o

o

SAFETY REQU IRE_NT

G o NO CREW SAFETY SFP

E :o APPROPRIATE SAFETY FACTORS

N 0 MAN_ED SF FOR ABORT

E !o PROVIDE SAFETY STATUS

R o COM_ND OVERRIDE NEAR ORBITER

A o PROTECTION OF EOS FROM TUG

L HAZARDS

o EMERGENCY MANUAL RELEASE: TUG

FROM EOS

I

S o PROVIDE SAFETY STATUS

o EOS CO}_ROL CRITICAL TUG

0 0 Fb_NCTIONS

W

A

G

E

I

N

0

R

B

I

T

E

R

0

N

0

R

B

I

T

D

E

P

L

0

Y

o NO DESTRUCT CHARGES

o PP_ESSURE RELIEF THROUGH E0S

o NO V_T INTO PAYLOAD PAY

o PROVIDE SAFETY STATUS

o EOS COR_fROL CRITICAL TUG

FUNCTIONS

o NO SPF YIELDING UNPROGRAMMED

MOTION

v"
V--

V-

V'-

V-

V'-

/-

v"

CONFIGURATION/SUBSYSTEM

_0-- 3_ R _AC4g-Z_

v _

V"

v_
v'-

V'-

V"

v"

V_

V _

v"

V-

_.k_ k ov-r
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SAFETY EVALUATION FORM - 6

0

N

0

R

B

I

T

G

E

N

E

R

A

L

0

N

0

R

B

I

T

R

E

T

R

I

E

V

A

L

A

B

0

R

T

SAFETY REQU IRD4ENT

I

i [?RESIDE SAFETY STATUSATTITUDE/TRANSlATION CONTROL

OF TUG BY EOS

NON-PROPULSI %/_ VENTING

NO SFP YIELDING UNPROGRAMMED

MOTION
V"

I PROVIDE SAFETY STATUS

i EOS CO_YfROL CRITICAL TUG
FUNCTIONS "

NO SFP yIELDING UNPROGRAMMED

I MOTION
• PROVIDE FOR STATIC DISCHARGE

i° REDUCE PROP_LL_rr/PRESSUKA_T

i TO SAFE LEVEL FRiOR TO

I ETRIEVAL

_o VER_Y EOS-TUG INTERFACES

SECUREo REMOTE F_MERGENCY TUG

JETTISON

o DON'T PRECLUDE EOS INTACT

ABORT

v"
4"-

4-

T_

V"

V-

V'-

,/

C ONF IGURATI ON/oUBS YS ±z,M

8 _ Z m e_oe.p_,

v'-

v-

V-

V"

V-"

4"

V"

4-

_. ,,,
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SAFETY E"JALUATiON FORM - 7

SAFETY REQU IRE_IENT

o FS PER F£FC-HANDBOOK-505
o SATISFY FRACTURE MECHANICS

o FAIL SAFE MPS

o AUTO RELIEF FOR TANKS

o DETECT POTENTIAL TANK

FAILURES

o ISOLATION VALVES UPSTREAM

ALL START VAI,VES

o EMERGENCY OFF-LOADinG ON

IAUNCH PAD

o FO/FS DESIGN
o ONE CO_%_ND SHUTDOWN

o RF LINKS EOS/TUG/PAYLOAD

o CRITICAL COMMAI_/CONTROL

CIRCUITRY FO/FS

o NO SINGLE DETECTABLE OR

CO_INATION OF UNDETECTABLE

FAILUPd_S _USE PREMATURE

DETONATION

o SAFE UNUSED PYROS

o SATISFY PYRO SPECIFICATION

REQUIREMENTS

I ! I I I I I I I I I i I'I I I I I I I I i I I I I I I I I I I I I I I I
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* Applies to Both @: ** Applies to 510ADE

HAZARD STATUS SI_4ARY REPORT

CONCEF2: 510A-3B 510ADE-3]3

T_CKfflG
INITIAL PRPS PAZARD

_ CODE HAZARDDESCRIPTION HAZ.A_LEVEL RATIOP_ALELEVEL STATUS REPIARKS

STRUCTURES10o0

-1001 TANKAGELEAKSII_TO CRIT DESIGN CRIT LOW:OPIOr.?IT
ENCLOSEDVOLUIES

"1002 LOSSOFN204 TAI!K CRIT ..DESlGt! . .C_RIT LOW:ONORSIT
PRESSURE

* 1003 ADAPTEROVERSTRESSED CRIT PRO(:DRSCOtlT LOW:F_TING
DURINGGROUNDMATE

"1004 PAYLOADBAY DOORS ;CRIT DESIGN COPfr MOD.DEPLOY
DOH'TOPEN

MAINPROPULSIOII2000

-2001 - TKS,LIHES,FITTIMGSLK. CRIT DESIGN/PCDRCRIT LOW.LAU_ICHPAD

*2002 VENTTO P/L BAY CRIT DESIGN/PCDRCRIT , LOW:UP/ON/SAFI!_

*2003 OFF DES.ENG.INLETCOND. CRIT DESIGN CRIT LOW:THRUSTIPtG

*2004 PROP.IIIXINGDURIHG CAT. DESIGH/TESTCAT. LOW:LANDG/E!ITRY
LANDING/RE-ENTRY

*2005 PROP.SLOSHDURIPIGDKING CRIT SIMULATIONCRIT • MOD:DOCKIIIG

2006 CACHETK. & CRASHLAt_DG CAT DESIGN CAT CONCPTDELETED

2007 M_ TANKIFIPLOSION CAT DESIGPI CAT CONCPT_.n._,,_r--_

*2008 ENG.BELLBUCKLESUNDER CRIT DESIGN CRIT LOH:GROU,9
TRANSPORTLOADS TRANSPORT

*2009 N204TK. VEtlTSDURING CRIT PCDR CRIT MOD.'SAFII_G
SAFING

2010 MPE NOZZLEWON'TEXTND CRIT DESIGN CRIT LOW:THRUSTIIIG

"2011 KICKSTAGERE-EIITERS CAT DESIGN CRIT LOW:ASCENT

"2012 IHCOPIPLETECOPIPECTnR CRIT DESIGN CRIT LOW..RESTOW
HOOKUPVEPJTSFUI_ETO
PAYLOADBAY

"2013 TPS TILESLOSTFROM CRIT PCDR:DESIGNCRIT MOD:Et:TRY

N204VENT

.APS3000

-3001 INADVERTENTVEIIT CRIT : PCDR CRIT . LOW:ENTRY/LC5

*3002 LOSSOFPROP.ACQUISITION CRIT TEST CRIT LOW.RIISDOCKII_G

3003 LOSSOF RETRV'LDELAY CRIT DESIGN CRIT LOW:DOCKIr,G
_DULE APS

*3004 ADD-ONAPS LOSS CRIT DESIGN CRIT LOW:O;IORBIT



II

HAZARDCODE

* Applies to" Both

** Applies tO 510ADE

HAZARD STATUS St_&_RY REPOR.T

CONCEP_ : 510A-BB 510ADE-3B

HAZARDDESCRIPTION
INITIAL HRPS

HAZARDLEVEL RATIOI'!ALE

. .°
i

w,.--.•

TRACKING

NAZARD

LEVEL STATUS REt¢'_RKS

•AVIONICS4000

* 4001

* 4002

* 4003

* _004

CAN'T COrtLaNDOVERRIDE

_-__005

* 4006....
o,,,..

* 4007

4OO8

PROP, COV_NDS ABSEPIT

ACS ELECTROIIICSFAILS

IIIERTIALREF, & ATT,

DATA DEGP,,ADED

ADD-ONA(/IO_JICSCAUSES

CAT

CAT

CRIT

CRIT

CRIT

LOSS ATTITUDE CO_ITROL......

-AVIONICSDEGRADEDBY CRIT

81-ENERGYPARTICLES

SR/iFIRES IPIADVERTrtTLY CAT

LOSS OF SIrlGLEXIXTR CRIT

IBERMAL CONTROL500

* 5001 LOSS OF GIIDCOOLIIIG CAT

DURING SOA_ACK

* 5002 LOSS FUEL CELL HEAT REJ. CRIT

ORDPINICE6000

* 6001 PYROS INADVERT,INITIATED CAT

6SE/AGE7000

* 7001 CG OFF N_!IPIALCAUSEDOOR CRIT

CONTACTAFTER ABORT

EPS 9000 -.

* 9001

* 9002

* 9003

VErflREACTAffTSSTF_.A_,TO CRIT

PAYLOADBAY

REACTANTLEAKS TO SADDLE CRIT

BAGS

EOS POWER TO TUG FAILSOFF CRIT

I__.SIGN

DESIGN

DESIGPI

PCDR

DESIGN

.: DESIGN

DESIGrl/PCDR

DESIGN/PCDR

DESIGN

DESIGN/PCDR

DESIGN

DESIGR/PCDR

DESIGNIPCDR

DESIGII/T,EST

DESIGPI

I

_.CAT.

CAT

CRIT

£RIT

CRIT

CONT

CRIT

CRIT

CAT

CRIT

CRIT

CRIT

CRIT

CRIT

CRIT

/

LOW:NEAR EOS

LOW:PEAREOS

LOW:IIEAREOS

LOW:SEP, FLT.

LOW:SEP, FLT,

LOW:SEP. FLT.

LOW:IflltIEAREOS

LOW:DEPL/RETRV.

_IOD:SAFIIIG

LOW:SEP. FLT;

LOW:GrIDClO

LOW:TUG REP_'L

LOW:UPIO,IIS/:..'-_.,:

I_OD:EflTP,YILOS

LOW:ASCErlT
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SAFETY EVALUATION FORM - 1

._°

m
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SAFETY RE@jUIR_4ENT

o DETECTION ON GROLqTD

o FORGE ON PAD

o ISOLATE TANKS PRE/POST USE

o ID4ERG_;CY DETANK HORIZONTAL

o _"_RG_CY DETANK VERTICAL

o NORMAL HORIZONTAL DRAIN

o FRACTURE MECHANICS PROGRAM

o REDUNDANT SEALS

o ALL WELDED BALL JOINTS

o ISOLATE TANKS PRE/POST USE

o OVERBOARD +vENTS UP/Df_N

o OVERBOARD CRYO VENTS UP/DOWN

o VENTS LIQUID COMPATIBLE

o REDUND_2_T VALVES FOR OVER-

BOARD VENT PATHS

o CONDITION BAY POST LANDING

o VERTICAL VENT

o HORIZONTAL VI_NT %qA GSE

o POST LANDING, HOOKUP VENTS

TO GSE

•_IOA-38,

4"-
/-
v'-
,6-
,f

,w-

r

CONFIGURATION/SUBSYSTEM i

,I-
V"

4"

w"

v"

/-

V"

v"
v"

V"

V-

o VENT MPS/APS TANKS TO 20 PSIA
o W_I{T EPS TANKS TO 20 PSIA 4_'

o DEPLETE APS FRE-STOWAGE 4"

o ABORT DUMP--VERTICAL _ _

o DELETE MPS PRE-STOWAGE °O@.,O _._.'_%_
o VENT TUG PAYT/_-DS W

o DUMP MUST BE SHUTTLE COM- _'_
PATIBLE
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SAFETY EVALUATION FOI_4 - ?. %O_

SAFETY REQUIRF2_T CONFIGURATION/SUBSYSTEM

, 5' IOFf- _I'_ 51o AG_- 3_

o MICRO_.STEROID SHIELD _ ii_,-

o NO JETTISON OF SOLID DEBRIS (_L) S_[tA', 1_._'_,$_' __=D_. ,..bJ.._ I
. _ _ , T_J,,..l',-,:l 41-t-I.f'llDi%.t_

AT P/L ALTITUDES # _ _i _ -, i r " i. ,
q"o_ I'll..13i IJI,.41_l,t'l 4%. k_' _t"O_qc'_._i _flp

•. '_-toa'_l.

o MINIMUM TRAPPED VOLL_4ES (D :

o SEPARATE TANKS _ST6D T41_V._ K)_'_'6D "T'A _k£
o CONTROL TANKS DELTA-P _" v"

o INERT TANKS POST USE _" _"

o PAR_-T_R READOUT TO EOS %6 %,"
o SRM SAFE/ARM '4" If"

o MI_ TANK PRESS. FRE-USE "4- _"

o CONTAI_4E_ OF PYRO DEBRIS '4" 4"

o P/L BAY GN 2 DELUGE _/- 4"

o GN 2 FREON 1301 FIRE EXTINGUIS: 4"

o INERT _ TANK BAY _" v

o AUTO DETECT COOL LOOP FAIL

o FO/FS POST FLIGHT SAFING

o DESIGN I_ACT SURVIVAL °

o DESIGN RETAIN PA_

o DESIGN KICK STAGES TO NOT

SURVIVE ENTRY

o DESIGN RETRIEVAL DELAY

MODULES TO NOT SURVIVE

ENTRY

v"

4"

V"

4-

4"

-' 2,

°.

i
i
i

|

I

i

I I I ! I I I I I I I I I1'11 I I t I I I I II I I I I I I ! I I I I I I It I I



SAFETY EVALUATION FORM - 3

--3

m

O

O
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O
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E

C

H

F

A

I

L

S

THRUST

A

B

E

R

R

A

T

I

0

N

S

C

0

M

M

A

N

D

&

C

0

N

T

R

0

L

SAFETY REQU I REME1Tr

o FAlL SAFE DESIGN

o LOCATOR PINS FOR FLUID

CONNECTOR PANELS

o PRECLUDE TUG TRANSLATION/

ROTATION DURING GROUND TUG/

OP_ITER MATE

o SUPPORT AI_D CONSTRAIN ENGINE

BELL DURING GROUND HANDLING

o NAKE MPS NOZZLE EXTEND AND

RETRACT MECHANISMS REDUNDANT

o SENSE ENGINE INLET PRESSURE

CHANGES

o ISOLATE APS TANKS

o SHUT DOWN MPE AUTO

o RELIEVE PROPULSION PRESSURE

o PROPULSION .SHUTOFF VALVES

UPSTREAM OF ENGINE VALVES

o QUALIFY APS FOR GAS BUBBLES

PROPELLANT ACQUISITION

o PRECLb_DE INADVERTENT SRM

IGNITION

o REDUh_DANT SAFETY CRITICAL

EQUIPMenT

o ADEQUATE CREW TRAINING
o CO,_AND OVERRIDE _ _/%B

o APS SHUTDO_N AFTER RMS ENGAGE

o _KE SELECTION OF WIDE/NARR0_

DEADBAND FOR APS REDUNDANT

CONFIGUP.&T ION/SUBSYS TEM
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SAFETY EVALUATION FORM - 4

SAFETY PJ_II_

o CHA_7_EL REDUNDA_CY

,o JET FAIUJRE DETECTION

o SLOSH PROTECTION

o NO VENT TO PAYLOAD BAY

o NO FLUME IMPINGEMENT

v"
v"
,f

CONFIGURATION/SUBSYSTEM

4"-

I
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SAFETY EVALUATION FORM - 5

SAFETY REQUIREMENT

o NO CREW SAFETY SFP

o APPROPRIATE SAFETY FACTORS

0 MANNED SF FOR ABORT

o PROVIDE SAFETY STATUS

o COMMAND OVERRIDE NEAR ORBITER

o PROTECTION OF E0S FROM TUG

HAZARDS

o EMERGENCY MANUAL RELEASE: TUG

FROM EOS

o PROVIDE SAFETY STATUS

o EOS C0h_rROI, CRITICAL TUG

FUNCTIONS

o NO DESTRUCT CHARGES

o PRESSURE RELIEF THROUGH EOS

o NO VKNT INTO PAYLOAD BAY

o PROVIDE SAFETY STATUS

o EOS CONTROL CRITICAL TUG

FUNCTIONS

o NO SPF YIELDING UNPROGRAMMED

MOTION
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CONFIGURATION/SUBSYSTEM
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SAFETY EVALUATION FORM - 6
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D
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I
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V
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SAFETY REQUIREMENT

PROVIDE SAFETY STATUSATTITUDE/TRANSLATION CONTROL

OF TUG BY EOS

NON-FROPULSI V_ VENTING

NO SFP YIELD_NG UNPROG_D

MOTION

o PROVIDE SAFETY STATUS

o EOS COI[fROL CRITICAL TUG

FUNCT IONS

o NO SFP yIELDING UNPROGRAM_-9

MOTION

o PROVIDE FOR STATIC DISCHARGE

o REDUCE PROP_._.;_ _T/PRESSURA_T
i

TO SAFE LEVEL PRIOR TO

I RETRIEVAL
!

io VERIFY EOS-TUG INTERFACES

Io TUG

CONF IGLq_ATI ON/SUBSYSTEM

_l_ _-_

W"

W-

v"
V-

,/

W-

SECURE

REMOTE EMERGENCY

JETTISON

o DON'T PRECLUDE EOS INTACT

ABORT
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SAFETY _"¢ALUATION FO_4 - 7

SAFETY REQUIREMENT

i ......

'o FS PER MSFC-HANDBOOK-505
o SATISFY FRAC__JRE MEC._K_NICS

o FAIL SAFE MPS

o AUTO RELIEF FOR TANKS

o DETECT POTENTIAL TANK

FAILURES

o ISOLATION VALVES UPSTREAM

ALL START VALVES

o EMERGENCY OFF-LOADiq_G ON

LAUNCH PAD

v-

CO_FIm_TION/S_S_STE_

W-

v"

V-

T-

v'-

j-
/-

v_

o FO,/FS DESIGN

o ONE COMMAND SHUTDOWN

1

o _ LI_mS EOS/TUG/PAYLOAD

o CRITICAL CO_AND/CONTROL

CIRCUITRY FO/FS

o NO SINGLE DETECTABLE OR

COMBINATION OF UNDETECTABLE

FAILURES _&USE PREMATURE

DETONATION

o SA__EUNUSED PYROS

o SATISFY PYRO SPECIFICATION

REQUIREMENTS

T

4-

v"

w o_ o _ D_
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SAFETY ASSESSMENT OF GROUND OPERATIONS '"

TASKDESCRIPTIONSANDMAN LOADING

e

STORABLESPACETUG



• \/-
/

NsDloadi_ for Ground Operations to Level III Funtional Tasks

In assessing an_ sllocatiug manpower for the ground turnaround f_znctions,

no atteml_ _as made to optimize manpower; rather the crew was sized to minimize

calendar time for the tt_rnaround operations. While this approach desensitizes the

Tug concel_a to the TraJ_Cic Model, it does emphasize the operational complexity, of

the various options by _ke deltas in manpower.
+..

• The first section t_kes the basic Tug, and briefly describes the functional

tasks to Level llI. Following this, the AGE/GSE required for these functions and the

manpower, b T discipline, is defined. Simil_rly, the Auxiliary Stages are handled

in Appendices to the basic functional requirements; therefore for configuration

Ii0 & 310 on_ the basic vol_ne is required for configuration IIOA & _iOA use basic plus
!

appendix D 115 use basic plus appendix E. 21ON, 31ONE, 610N & 710N use basic plus

appendix B, 21_N & TI_ basic plus appendices E &B, _IOC & 610CE basic plus appendix A

J . jr
• _IOAD & _'IOADE basic plus appendix C, and finally 415AN basic plus B, D & E.

Safety has been folded into these operational sequences. To highlight Safety

critical or sensitive c_perations, individual steps have been asterixed. Hazard

Analysis Reports have been generated to show the safety critical or catastrophic

. hazards and how they were resolved.
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3.2

Post Landin 6 Operations * Safety Significant/Critical

Safe and Secure : Assumes time criticality of vehicle is known at landing.

3.1.1 E_place Tug Transporter/Mobilizer for Tug/Transporter rote.

Connect all ground interface AGE/GSE.

* 3.1.1.1 Connect fuel drain and vent AGE/GSE lines.

3.1.1.2 Connect oxidizer drain and vent AGE/GSE lines.
.

. 3.1.1.3 Connect fuel cell oxygen fill and vent AGE/GSE lines.

. 3.1.1.4 Connect fUel cell hydrogen fill and vent AGE/GSE lines.

. 3.1.1.5 Connect pressurant AGE/GSE line.

3.1.2 Vent pressurants

3.1.2.1 Vent MPS pressurant to pad pressure.

3.1.2.2 Vent APS pressurant to pad pressure.

3.1.3 Purge Reactants

. 3.1.3.1 Purge fuel cell hydrogen system with GHe to

safe level. Apply pad pressure.

3.1.3.2 Purge fuel cell oxygen system with GHe

Apply pad pressure.

Verify Power-off

3.1.4.1 Verify Tug power systems off. Verify Orb./Tug

power off.

. 3.1.4.2 Verify Tug circuit breaker out.

3.1.4.3 Verify cargo bay atmosphere is acceptable.

0rbit er/Tug Demat e

3.2.1 Connect hoisting AGE/GSE

3.2.1.1 Verify Orbiter cargo bay doors open and secure.

3.2.1.1 Verify hoisting equipment (including Auxiliary

Crane Control) re_dy.

3.2.1.2 Connect hoist fittings to Tug hoist points

3.2.2 Release Interface Connections

. 3.2.2. i Release fuel fill and vent Q. Ds

. 3.2.2.2 Release oxidizer fill and vent QDs



3.0 Post Landing O_erations (continued)

. 3.2,2.3 Release fuel cell oxygen fill and vent QDs

3.2.2.4 Release fuel cell hydrogen fill and vent QOs

3.2.2.5 Disconnect EPS electrical connector

. 3.2.2.6 Verify proper load on hoisting sling. (read

TBD pounds on Aux. Crane Control).

3.2.2

3.2.3

3.2.4

3.2.5

3.2.2.7 Release Structural ties between Orb/Tug

Hoist Tug/SC clear of Cargo bay.

3.2.2.1 Move Tug/SO up to clear mechanical/structural

attachments using Aux. Crane Control.

3.2.2.2 Hoist Tug/SC clear of cargo bay using crane

"inching" control.

3.2.2.3 Hoist clear of orbiter

Position Tug/SC to mate Transporter/Mobilizer

3.2.3.1 Transfer facility crane to position Tug/SC at

mate position.

3.2.3.2 Lower Tug/SC to within two (2.0) inches of mate points.

3.2.3.3 Using Aux. Crane Control lower to mate points

Mate to Transporter and Verify

3.2.4.1 Verify proper Tug/SC Transporter alignment

3.2.4.2 Make mechanical/structural attachment

3.2.4.3 Mate temp. Maintenance Unit (TMU) to Tug AGE/GSE

connector.

Emplace protective caps

3.2.5.1

3.2.5.2

3.2.5.3

Emplace main engine cover

C_p all APS thrusters

Emplace protective cover over the Star Tracker.



! 3.0 _st Landin_ O_erations (continued)

3.3 s/C (, ri emls  on 

S/C responsibility )3.3.1 Position S/C Transporter

<

" Note:
.

3._

3.3._

3.3.5

• 3.3.6

3.3.7

.%

Attach Re_oval AGE/GSE

Release Tug/SO at interface

3.3.3.1 Release Tug/SC mechanical attachment

3.3.3.2 Verify TBD interface connection, clear

De.mate Tug/SC

3.3._.i Translate SC clear of Tug

Install S/C cover

Verify ready to transport S/C

Transport to S/C facility

For DOD missions, area will be secured to cleared personnel only.

Drain Residuals: OPTION EXISTS FOR HORaZONTAL OR VERTICAL DRAIN OF VEHICLE "

3.4.1 Verticalize Tug

3._.Z

Note: If flight data .

indicates out of

tolerance condi- .

tions, system

must be purged .

_o allow entry.

3._.m.1

3.4.1.2

3._.1.3

Connect

3._.z.1

3._.2.2

3.4.2.3

3.4.2._

3._.Z.5

3.4.2.6

Configure AGE/GSE for rotation

Verify ready to rotate

Rotate to vertical

AGE/C_E lines

Connect fuel drain and pressure, lines

Connect oxidizer drain and pressure lines

Connect injector purge line (fuel)

Connect injector purge line (oxidizer)

Pressurize oxidizer tank to (TBD) PSI

Pressurize fuel tank to (TRD) PSI

i.
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3.0 Post Landin_ Operations (continued)

* 3.4.2.7

* 3._.2.8

* 3.4.2.9

* 3._.2.10

3.2.2.11

3._.3 Prepare

3._.3.1

3.4.3.2

3._.3.3

3._.3.4

3._._ Move to

3._.4.1

3.4._.2

Drain residual fuel

Drain residual oxidizer

Purge injector (fuel side) with hot GN 2

Purge injector (oxidizer side) with hot

Disconnect and stow all AGE/GSE lines.

to move to Tug Maintenance and Checkout Facility (TMCF)

Verify ready to rotate

Rotate to horizontal

Engage horizontal lock. • •

Verify pad pressure on t_uxks through the Pressure

Maintenance Unit (FMU)

TMCF

Connect 'tow vehicle

Move to TMCF

1.0 Maintenance and Checkout

1.1 Maintenance

I.i.i Mechanical and'Structural: emplace all work stands and

and access platforms. Connect all facility vent lines.

1.1.1.1 R_ove all access panels and covers.

1.1.1.2 Visually inspect all available areas of the

fuel tank; check inspection tapes for

indication of leakage.

1.1.1.3

#

Note: _Lvd;her inves- i.I.i._

tigation may

indicate the

.neccessity of i.i.i. 5

removing all
meteoriod shield -I" i. i. 6

ing for a com-
1.1.1.7

plete inspec-
tion of the

tanks 1.1.1.8

1.1.1.9

Visually inspect all available areas of the oxidizer

tank; check inspection tapes for indication of leakage.

Inspect the forward skirt for indications of structural

damage.

Inspect aft skirt for indications of structural damage

Inspect docking mechanis_ for indications of binding.

Visually inspect all accessible body structure for

indications of structural damage.

Visually inspect all meteoroid shielding for evidence of

penetration or other damage.

Replace all access panels and covers.



1.1.3

1.1.5

Maintenance (continued)

Main Propulsion:connect AGE/GSE and verify: Examine flight data

for indication of failure or system degradation.

1.1.2.1 Visually inspect engine nozzle and injector.

1.1.2.2 Perform engine pump torque checks.

1.1.2.3 Perform engine systems functional check

1.1.2.4 Inspect engine feed system for evidence of leaks.

(detection tape )

Auxilliary Propulsion: examine flight data for indication of failure

or system degradation connect AGE/GSE and verify.

i.i.3.I Visually inspect engine thrust chambers.

1.1.3.2 Perform system functional checks.

I.i.3.3 Inspect feed system for signs of leaks. (detection t_pe)

Electrical Power Subsystem Examine flight data for evidence of

failure or degradation.

1.1.4.1 Verify indication of failure or degradation. Fuel cell

will be removed for level II maintenance after five missions.

1.1.4.2 Verify fr_n flight data condition of reactants system.

Re-evacuate if required.

1.1.4.3 Remove and replace battery after each mission.

Guidance Navigation and Control: Examine flight data for evidence of

failure or system degradation. Verify proper sub-routine in mini-canputer.

1.1.5.1 Verify failed or degraded IMU if verified remove and replace.

i.I. 5.2 Verify failed or degraded Star Tracker using star simulator;

if verified remove and rsplace. Clean lens, replace lens

cover.

1.1.5.3 Verify failed or degraded laser Radar using Target simulator;
if verified remove and replace. Boresight Radar every TBD mission.

1.1.5.4 Verify failed or degraded AI_ electronics; if verified remove

and replace.

_v



1.2

1.1.6

1.1.7

Comnunications System; Examine flight data for evidence of

failure or system degradation. Emplaee antenna hats. Verify

proper sub-routine in mini-computer.

1.1.6.1 Verify failed or degraded Transceiver; if verified

remove and replace. Verify redundant paths.

1.1.6.2 Verify failed or degraded Power Amplifier; if

verified remove and replace.

1.1.6.3 Verify failed or degraded Signal Processor; if

verified remove and replace.

1.1.6.4 Visually inspect Diplexer for evidence of damage

if damage exists remove and replace unit.

1.1.6.5 Visually inspect the Antennas for evidence of
damage.

Data Management and OFf: Examine flight data for evidence of

failure or system degradation. Verify proper sub-routine in

mini-computer.

1.1.7.1

1.1.7.2

Verify failure or system degradation of the computer;

if verified remove and replace.

Verify failure or system degradation of the Data Bus

Control; if verified remove and replace.

1.1.7.3

1.1.7.4

Verify failure or system degradation of the Tape

Recorder; if verified remove and replace. Nominally

remove for tape change after TBD mission.

Verify failure or system degradation of the DACU; if

verified remove an replace.

1.1.7.5 Verify failure or system degradation of the OFI sensors.

Remove and replace as required if verified.

Post Maintenance Checkout

1.2.1 Guidance Navigation and Control. Verify completion of all

Maintenance activities. Verify proper sub-routine in mini-

conjurer. Apply ground power through AGE/GSE connector.

_1.2.1.i Verify ability to power up IMU. Switch from TMU

to vehicle temperature control - verify the following

over temp. discretes "off" verify operations using earth

g and _ Compare IM/ 1 to IMU 2.

1.2.1.2 Remove Star Tracker lens cover activate, verify lens closed

verify self check fail discretes "off" emplace star

simulator, verify operation, close shutter and deactivate,

replace cover.



2.0

2.1

1.2.1.3

1.2.1. 

EmpSace Laser Radar target simulator, activate radar

verify fail discretes "off" verify outputs from laser

feedback, deactivate, remove target.

Apply 5 volts to APS drivers - perform logic check and

opposing Jet logic) secure.

1.2.2 Communications System Verify completion of all maintenance actions.

Verify proper sub-routine in mini-computer, Activate Communication

System.

1.2.2.1 Verify RF po_r level and frequency.'verify receiver

sensitivity.'verify up link cozm_ands. Verify down link.
Secure for check.

1.2.3 Data Management and OFI System: Verify all maintenance actions

complete. Verify proper sub-routine in mini-computer.

1.2.3.1

1.2.3.2

Verify computer on:Auto check DMS: sum and parity noise

check;dump previous mission software: load on-coming

software and verify.

Activate II_CU B_. self test the following each DACU

Tape recorder FSI control, obtain ambient readout of all
measurements. Secure.

Prelaunch and Launch

System Integratic_: Verify all post maintenance checkouts are complete;

verify LPS ready to support; verify proper routine called up.

2.I. I Combined Systems Test.

2.1.1.1 Power up Tug systems

2. i.i.2 Perform prelaunch checks.

Perform passive phase checks

Perform in orbit activation

2.1.1.7

Simulate deploy and separation.

Perform mission simulation; verify primary and

redundant paths (ambient check)

Simulate S/C separation. Verify corm link between

auxiliary stage and Tug.

2.1.1.8 Simulate rendezvous and docking deactivate Tug systems.

2,1.1.9 Power down and secure from test.

-'. 2.1.1.10 Prep Tug for move to service area.



2.1.2

2.1.3

2.1.4

2.1.5

2.1.6

2.1.7

Prep for Load.

2.1.2.1

2.1.2.2

2.1.2.3

Move to service area

Configure transporter for rotation.

2.l.2.4

2.!.2.5

2.1.2.6

Attach rotating AGE/GSE to Tug. Verify TBD

pounds Aux. Crane Control.

Verify forward attach latch open

Rotate to vertical

Route and attach fuel and oxidizer service

lines; attach pressurant lines.

Load Oxidizer

Circulate oxidizer stabilizer temperature

Load oxidizer and withdrawullage.

Leak check

2.l.3.1

2.1.3.2

2.1.3.3

Load Fuel

2.1.4.1

2.l.4.2

2.1.4.3

Load APS

2.1.5.1

2.1.5.2

2.1.5.3

Circulate fuel stabilize temperature

Load fuel and withdraw ullage.

Leak check

Circulate fUel stabilize temperature

Load fUel and withdraw ullage

Leak check

Load Pressurant

2.1.6.1 Pressurize GHe tank to flight pressure

2.1.6.2 Monitor •for leakage

Secure from Loading

2.1.7.3

Disconnect all lines and stow

Verify forward latch open. Rotate to horizontal.

Engage forward latch.

Disconnect all rotating AGE/GSE



2.1.8 Prep to Move to Orbiter Airlock

2.1.8.1

- ";_';':" 2h38.2

2.',.9 cuean

2.L9."

Verify Transporter/Y_bilizer ready for move.

M_e to Airlock and position for cleaning.

Wipe down Tug surfaces using cle_ sof_ cloth

and TRD cleaning agent.

;

2.1.9.2

2.1.9.3

2.2 .I Position

-'_........2.2.1.1

•_'; ..... 2.2.1.2

2.2.2

(S_ responsibn_y) -

2.2.3

• °

2.2._

Where require vacuum to collect any debris.

Spo_ check emissivity coating -_Ith emmisometer.

Tug for Mating i

Move to mate position and verify mobilize_ locked

Verify Tug docking mechanism ready for mate.

2.2.X.3 Prep for mate

Position S/C for mate.

2.2.2.1 Verify S/C docking mechanism ready for mate

2.2.2.2 Verify ftmctional interface ready for mate.

2.2.2.3 Position for mating.

• _s/c and

2.2.3.1 Engage locking mechanism and verify proper lockup

2.2.3.2 Verify functional interface properly engaged.

2.2-3.3 Position Transporter extension to support S/C.

Verify Interface

2_._.I Apply ground power

2.2._.2 Verify correct functions across interface.

l_

2.2.5

.,..,....

....2;3.1

Secure from Mating Operations

2.2.5.X

2.2.5.2

Position

2.3.1.1

2.3.L2

Remove any mating AGE/GSE

Prepare for Orbiter Mate.

Tug for Orbiter Mating

Move Tug/SC to mate position

Verify structural attach points ready to mate

2_3.1.3 Prepare for mating operation.



2.3.2

2.3.3

2.3.5

2.3.6

Attach Hoistin 6 AGE/GSE

2.3.2.1

2.3.2.2

2.3.2.3

Position facility crane to pick up hoisting
fixture and Aux Crane Control.

Attach hoisting combination to crane verify

proper C.G. on fixture.

Hoist fixture and position crane to attach

slings.

2.3.2.4

Disconnect frc_ Transporter

Attach slings to tug.

2.3.3.1

2.3.3.2

Verify proper load on Aux. Crane Control

Release Tug/SC attach points

2.3.3.3 Using Aux. Crane Control move clear of

Transporter.

Hoist and Position Over Car6o

2.3.4.1 Using crane "inching" control raise Tug/SC TED

inches continue at normal hoist speed to clear

cargo bay doors.

2.3.4.2 Translate crane over cargo bay

2.3.4.3 Verify all interfaces ready to mate

Mate Tug/SC to Orbiter

2.3.5.1 Lower to within two (2.0) inches of mate points

2.3.5.2 Using Aux. Crane Control lower to mate points

2.3.5.3 Latch structural sttach mechanism.

2.3.5.4 Mate fuel fill and vent QDs

2.3.5.5 Mate oxidizer fill and vent QDs

2.3.5.6 Mate fuel cell oxygen fill and vent QDs

2.3.5.7 Mate fuel cell hydrogen fill and vent QDs

2.3.5.7 Mate electrical umbilical(s)

Verify Interface

2.3.6.1 Verify structural interface properly mated.

2.3.6.2 Verify all functional interfaces properly mated.



2.4

2.3.7 Secure From Mate

2.3.7.1 Disconnect AGE/GSE and return to stowage

2.3.7.2 Verify cargo bay condition satisfactory.

Pre-count and Count down

2.4.1 Monitor tug functions (3 shift operation)

2.4.1.1 Monitor MPS fuel pressure and temperature

2.4.1.2 Monitor MPS oxidizer pressure and temperature

2.4.1.3 Monitor MPS pressurant

2.4.1.4 Monitor APS fuel pressure and temperature

2._.i.5 Monitor APS pressurant

2.4.2 Load Cryogenics

2.4.2.1

2.4.2.2

2.4.2.3

2.4.2.4

2.4.2.5

Verify clear to load

Chill down oxygen lines and tank

Chill down hydrogen lines and tank.

S_mmltaneously load oxygen and hydrogen

Monitor cryo pressures through lift-off.



B.O

B.l

3.2

3.S

B.4

Post Landing Operation AGE/GSE and Manpower Requirements

Safe & Secure

AGE/GSE

Hose Set, MPS

Hose Set, APS

Hose Set, FUel Cell

Detector, Toxic Vapor

Transporter/Mobilizer

Personnel

Prop Techs 8

Mech/Struct 4

Safety 2
Qc 4

Total 18

Elapsed time 4 hrs.

Orbiter Tug Demate

AGE/GSE

Sling and cable set, hoisting

Lift fixture, Tug with Payload

Cover, MPS nozzle

Covers, APS thrusters

Auxiliary Crane Control

Personnel

Prop Techs 8

Mech/Struct. 8

Safety 2

Qc 4
Total 22

Elapsed Time 6 hrs.

Ground to Orbiter

Base Support

Crane Operator

S/C Tug Demate (retrieve mission only)

S/C handling equip.

Personnel (does not include S/C) same as 3.2 minus 8 prop

Elapsed time 2 hrs.

Drain Residuals

Hoisting fixture, Tug rotate

Hose Set MPS

Hose Set APS _Ground to Tug



3.0 (continued )

GN2 conditioning cart

Personnel Second Shift

Prop. Techs I0 i0

Mech Struct. 6 6

Safety 2 2

QC 5 5

Total 23 23

elapsed time 24 hrs.

Base Support

Crane Operator

Tow operator

i.O Maintenance and Checkout

1.1 Maintenanc e

AGE/GSE

RF Front End/Formatter

Mini-c unputer (LPS Link )

Control Keyboar d/CF_

Cable set, checkout

Hat's, Antenna Coupling

5 Volt power supply

Star simulator

Target, Laser Radar

Workst and set

Checkout Cart, Prop. Sys.

Load Bank EPS

S-Band Up Link Monitor

Personnel Requirements

Avionics Techs 14

Propulsion Techs 16

Mech/Structural 12

Safety 2

QC I0

Tot_

Elapsed time 40 hrs.

Second Shift

6

7

5

2

4

24

Base Support

as required



1.O

2.0

(continued)

1.2 Post Maintenance C/O

AGE/GSE

same as 1.1 except delete Prop C/O cart.

Personnel

Avionics Techs

Propulsion Techs

Mech/Struct.

Safety

Qc

Eng.

Total

Grand Total

Elapsed Time 8 hrs.

14

4

4

2

30

5

35

2.1

Prelaunch & Launch

System Integration

2.1.1 Combined Systems Test

AGE/GSE

Same as 1.2 plus EPS Load Bank

Personnel Requirements

Avionic Techs 14

Propulsion Techs 4

Safety 2
Q.C. 6

 otal
Eng. 8

T

Elapsed Time 8 hrs.



0

2.1.2

2.1.3

2.1.4

2.1.5

Prep for Load

AGE/GSE

Hoisting fixture, tug rotate

Hose Set MPS

Hose Set APS

Personnel Requirements

Prop Techs 6

Mech/Struct. 6

Safety 2

Qc
19

Elapsed Time 8 hrs.

Load Oxidizer (MPS)

AGE/GSE

Same as 2.i.2 plus

Propellant Load Control assy., oxidizer

Propellant Cond. assy, oxidizer

Personnel

Prop Techs

Safety

Q.C.

Total

Grand Total

E_.

I0

2

3

15

2

17

Elapsed Time 2 hrs.

Load Fuel (MPS)

AGE/GSE

Propellant Load Control Assy, Fuel

Propellant Cond. Assy, Fuel

Personnel

same as 2.1.3

Load Fuel (APS)

Propellant Load Control Assy, N2 H4

Propellant Cond. Assy, N2 H4

Base Support

Crane Oper.

Tow Oper.



¢

2.1.5

2.1.6

2.1.7

2.1.8

(continued)

Personnel

Prop Techs 8

Safety 2

Q.c. B

Total 13

Eng 2

Grand Tots/ 15

Elapsed Time .75hrs.

Load Pressurant (MPS)

AGE/GSE

Prop Sys. He Distribution Assy.

Personnel

Prop Techs 4

Safety 2

Q.c. 2
Total --8--

Eng 2

Grand Total IO

Elapsed Time i hr.

Secure fr_nLoad

Personnel

Prop Techs 4

Struct/Mech 4

Safety 1

QC i

Total 10

Elapsed Time 9 hrs.

Prep to move

AGE/GSE

No additions

Personnel

Mech/Struct.

Safety

Qc

Total

Elapsed Time 4 hrs.

4
i

i

6

Base Support

Crane Operator

Base Support

Tow Operator



2.2

2.1.9 Clean Tug

AGE/GS E

Stands_ portable; Tug access

Vacuum Cleaner

Personnel

Mech/St ruct 6

Safety 2

Qc 4

Total 12

Elapsed time 8 hrs.

s/c to Tug Mat_

2.2.1 Position Tug for mate

AGE/GSE

No additions

Personnel

Mech/St ruct

Safety 1

Q.C. 1

Total 6

Elapsed Time 4 hrs.

2.2.2 Position S/C for Mate

AGE/GSE

S/C handling equip

Personnel

(S/C responsibility)

2.2.3 Mate Tug/SC

AGE/GSE

Transporter extension

Personnel

Mech/Struct 8

Avionic Tech 2

Safety 2

Q.c. 2

Total 14
Elapsed Time 8 hrs.

Base Support

Tow Oper.



2.3.5

2.4.1

2.4.2

Mate Orbiter

AGE/GSE

Sling and cable set, hoisting

Lift fixture, Tug with payload

Personnel

Avionic Techs 6

Prop. Techs 8

Mech/Struct 8

Safety 2
Q.c. h

Total 28

WAapsed Time 16 hrs.

Monitor Tug Functions

AGE/GSE

Console, LCC

Personnel (per shift)

Avionics 2

Prop 2

Safety i

Q.c. 2

Total 7

Elapsed Time (see shuttle time iLne)

Load Cryogenics

AGE/GSE

Same as 2.4.1

Personnel

Same as 2.4.1 plus i Safety

Elapsed Time i hr.

Base Support

Crane Oper.

..



APPENDIXB

NUDGEKIT



1.0 Maintenance and Checkout (Ref.)

i. i Maintenance

i.i.i" Mechanical and Structural: mnplace all work stands

and access platforms. Connect all facility vent

liner. Demate nudge mode kit and position on

maintenance stand.

1.1.8

1.2.8

Nudge mode kit maintenance

1.1.8.3

1.1.8.6

1.1.8.7

1.1.8.8

1.1.8.9

Remove all access panels and covers

Visually inspect all latches for evidence

of binding.

Visually inspect all structure and supports

for evidence of damage.

Rev.ove and replace battery after each mission.

Verify fsl led or degraded performance of the
Guidance and Control system; if verified remove

and replace.
-1 Attitude reference gyro package

-R APS control electronics

-3 Timer/Control relay plackage

Verify failed or degraded performance of the

0FI system; if verified remove and replace.
-1 PCM

-2 Signal Conditioner

-3 Sensors

Verified failed or degraded performance in the

Communications system; if verified remove and

replace.
-1 RF Switch

-2 Antenna

-3 Diplexer
-4 Transceiver

-5 Base band, processor

Visually inspect the APS thrusters and feed

system. Perform APS ftulctional tests

Replace all covers and panels

Nudge mode kit post maint. C/O

1.2.8.1 Verify all maintenance actions complete on

Guidance and Control System. Perform system
functional test.

1.2.8.2 Verify all maintenance actions complete on the

OFI system. Perform system functional test.



Note :

1.2.8.3 Verify all maintenance actions complete on the

Co_mmnications system. Perform functional test.

1.2.8.4 Secure framtest; prep to support Tug Combined

Systems test (Functional Block 2.1.1.).

Nudge rood kit will be mated to Tug in functional block
2.2.1.

0



1.1.8

1.2.8

Nudge Kit Maintenance

AGE/GSE

RF Front End/Formatter

Mini-computer (LPS Link)

Control Keyboard/CRT

Cable set, checkout

5 Volt power supply

Workst and set

S-Baud Up Link Monitor

Personnel Requirements

Avionics Techs i 4

Propulsion Techs

•Meeh/Structural

Safety

QC

Total

Elapsed Time 16 hours

Post Maint. C/0

AGE/GSE

RF Front End/Formatter

Mini-Cc_puter (LPS Link)

Control Keyboard/CRT

Cable Set, checkout

H_t 's, Antenna Coupling

5 Volt power supply

Workst and set

S-Band Up Link Monitor

Personnel Requirements

Avionics Techs 4

Propulsion Techs

Safety

Qc

Eng.

Elapsed Time 8 hours

6

4

Share with Tug

Share with Tug

14

3

Share with Tug

Share with Tug

3

iO

Base Support

as required

Base Support

as required
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APPENDIX C

APOGEE& DEORBITKIT



i.O Maintenance and Checkout (Ref.)

i.i Maintenance

i.i.i Mechanical and Structural: emplace all work stands

and access platforms. Connect all facility vent

liner. Demate Apogee & Deorbit Kick Stage (_(S & DKS )

I.I.i0 AKS & DKS maintenance

i.I.i0.i Remove expended deorbit motors from the

stage.

1.1.1o.2 Remove all access panels and covers

1.1.10.3 Visually inspect all latches for evidence

of binding

f 1.1.10.4 Visually inspect all structure and supports
I for evidence of damage.
i

1.1.10.5 Remove and replace battery and solar array

after each mission.

1.1.10.6 Ve_ _y failed or degraded performance of the

Guidance and Control System; if verified

remove and replace.

-i Attitude reference gyro package
-2 APS control electronics

-3 Timer/Control relay package

-4 Sequencer

-5 Star Tracker

1.1.10.7 Verify failed or degraded performance of the

OFI system; if verified remove and repSace
.-i PCM " -

-2 Signal conditioner

-3 Sensors

1.1.10.8 Replace all covers and panels

1.1.10.9 Verified failed or degraded performance in

the C_mnunications system; if verified remove

and replace.
-i RF switch

-2 Antenna

-3 Diplexer
-4 Transceiver

-5 _Jase band, processor

i.i.i0.IO Visually inspect the APS thrusters and feed

system. Perform APS functional tests

i.i.i0.Ii Install Kick Motors per mission requirement.

E,I.10.12 Replace all access panels and covers

1.2.10 AKS & DKS post malnt. C/O

1.2.10.1 Verify all maintenance actions complete on

Guidance and Control System. Perform system

functional test.



Note :

1.2.10.2 Verify all maintenance actions complete on

the OFI system. Perform system functional
test.

1.2.10.3 Verify all maintenance actions complete on

the Communications system. Perform functional

test.

1.2.10.4 Secure from test; prep to support Tug combined

systems test (Functional Block 2.1.1).

AKS & DKS will be mated to Tug in fu_tional block

2.2.1.

/
l



i.I.i0

1.2. I0

AKS & DKS Maiutenance

AGE/GSE

RF Front End/Formatter

Mini-Cumputer (LPS Link)

Control K_yboard/CRT

Cable set, checkout

Hat's, Antenna Coupling

5 Volt power supply

Star simulator

Target, Laser Radar

Workstand set

Load Bank EPS

S-Band Up Link Monitor

Personnel Requirements

Avionics Techs

Propulsion Techs

Mech/Structural

Safety

QC

Total

5

8

5

Share with Tug

Share with Tug

18

Elapsed Time 24 hours

Post Maint. C/0

AGE/GSE

RF Front End/Formatter

Mini-cumputer (LPS Link)

Control Keyboard/CRT

Cable set, checkout

Hat 's, Antenna Coupling

5 Volt power supply

Star simulator

Target, Laser Radar

Workstand set

Load Bank EPS

S-Band Up Link Monitor

Personnel Requirements

Avionics Techs

Propulsion Techs

Safety

5

4

Share with Tug

Base Support

as required

Base Support

as required



Eng. 4

Total 13

Elapsed Time i0 hours

e
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APPENDIXD

APOGEEKICK STAGE



A.O Receiving Apogee Kick Stage

A. i Perform

A.I.I

A.2.1

Note:

receiving inspection

Visual inspection of stage

A.l.l.1 Remove access covers and panels

A.l.l.2 Visually inspect structure for evidence of shipping

damage

A.l.l.3 Visually inspect APS thrusters and feed system for

evidence of damage.

(DSCT)Perform all Design Specification C_npliance Tasks

A.1.2.1 Install Apogee kick motor(s)

A.1.2.2 Install flight battery
/

Perform systems tests

A. 2.1.1 Verify all DSCT complete

A.2.1.2

A.2.1.3

Perform combined systems test.

Secure from test prep to Support Tug combined systems

test (2.1.1)

Apogee kick stage will be mated in functional block 2.2.1.



A.2.1

Visual Inspect of ApogeeKick Stage

Perform all Design Specification Tasks
Personnel requirements
Propulsion Techs 4

Mech/Structural

Q.C.

Elapsed Time 8 hours

Perform Systems Test

AGE/GSE
!

RF Front End/Formatter

Mini-computer (LPS Link)

Control Keyboard/CRT

Cable set, checkout

5 Volt power supply

Personnel Requirements

Avionics Techs S

Propulsion Techs 5

Mech/Structural

Safety

QC

Total

Elapsed Time 40 hours.

S

Shared with Tug

7

Share with Tug

Share with Tug

•J

Base Support

as required
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SAFETYCRITICALII'_IFRFACES

CRITICAL

LAUNCH PAD

DEPLOY

STOW

SAFING

FUNCTIONPERFOPJ'4Fn

N204 FILL/DRAIN

J_1_lFILLJDRAIN

N204 FILL/VENT

_H FILL/VENT

G[:EVENT
m204 SERVICEPANELCONNECT
MMHSERVICEPArIELCONNECT

CRITICALITy R,_TIOr!ALE

' ENABLES EMERGENCY DRAIN

, RELIEVES TANK OVER PRESSURES

, PRECLUDES VENTING INTO P/L BAY

, PRECLUdeS VENTING TO ATMOSPHERE
WITH bbt ATTACHED

, ENABLES OVERBOARD VENTING DURING
DESCENT/SAFING

DMS
(lIB & ILIA)

GN &C

COMMUNICATION

THERMEL

EPS

(FUEL CELLS)

EPS

(BATTERIES)

ASCENT

LANDING

ASCENT

ASCENT

ASCENT

ASCENT/DEORBIT

ASCENT/DESCENT

DEPLOY

DEPLOY/DEORBIT

ENTIRE MISSION

LAUNCH

SAFING

ON ORBIT FLIGHT

PRELAUNCH

ENTIRE

RISS1ON

DEPLOY/RESTO_

INFLATABLE RUBBER
NOZZLE SUPPORT

LEAK DETECTION SENSORS

AKSC & W

AKS- ORBITERCOHPtANDS

DKS:C& W

DK_- EOS- GROUNDCOMMANDS

CORE VEHICLE C & W

READINESS SIGNALS TO
ORBITER

STATE VECTOR UPDATE

COl_tlB

DATA/STATUS

GN2 GROUND PURGE

P/L BAY AIR CONDITIONING

YSTEM MATERIAL OUTGASSING g
OR PROPELLANT DISCHARGES

H2 FILL/DRAIN

02 FILL/DRAIN

H2 VENT

0 2 VENT

ORBITER POWER TO TUG

• PROTECTS ENGINE BELL FROM IMPACT
LOADS,

. $_LERTS CREWS TO LEAKS

STATUS DATA

SAFE - ARM

STATUS DATA

SAFE - ARM

STATUS DATA

VERIFIES E,G THRUST ATTITUDE
APPROPRIATE.

, PROTECTS ORBITER FROM TUG
MISTARGETING

, PROVIDES COMMAND _VER RIDE

. PROVIDES STATUS DATA OF CRITICAL
SYSTEMS/FUNCTIONS

, INERTS P/L BAY ATMOSPHERE IN CASE
OF LEAKS,

, LIMITS TEMPERATURE IN BAY AND

PRECLUDES N204 VENTING.

, PREVENTS P/L CONTAMIrIATION

, REACTANT VOLATILITY

, PRESSURE RELIEF

, SYSTEM DEGRADATION IF POWER TO
TUG LOST,

PROCEDURAL SERVICING/SAFING PROPFLL/_tlT/REACTANT LillE , SYSTEMS ARE "_'IET#
COt;IiECT/DISCOHtIECT



- TRANSPORT

HOISTING

TUG DEPLY/STOW

SYSTEM PRESSURIZATIONS , TRANSITORY PRESSURE
STRESS CONDITIONS

PROPELLANT/REACTANT/PRESSURANT , HAZARDOUS FLUID TRANSFER AND
DRAIN AND/OR LOAD

TRANSITORY PRESSURE STRESS

CONDITIONS

LOADED TUG GROUND MOVEMENT . TRANSPORT OF HAZARDOUS FLUIDS.

MATING OF LOADED TUG TO
PAYLOAD OR ORBITER

, TRANSPORT OF HAZARDOUS FLUIDS &

HEAVY WEIGHT

C{)ORDINATE MANIPULATOR AND
ADAPTER MOVEMENTS DURING
TUG DEPLOY/STOW

, ORBITER STRUCTURAL DAMAGE

POTENTIAL

MANIPUTATOR POSITO_S
TUG FOR SEPARATION/STOW

, ORBITER STRUCTURAL DAMAGE

POTENTIAL

APSACTIVATION/COLD FIRE

CHECK

APSVENT TO 20 PSIA

, CONTAMINATION POTENTIAL

, ORBITER CONTAMINATION POTENTIAL
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I N204 MMH He

Hd ig. 25 20 3500

Launch 30-33 18-21 3500

Ops. 30-33 18-21 35O0

Vent 33-36 21-24
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--,_r_ HAZARD ANALYSIS RECORD

V'.ICL(/"-e.i.:.T SPACE _.,lrG (ALL CONCEPTS)
_STEM/SU IISYST EM

Tankage

:V_T/MISSIO. P.AS(
On orbit

HAZARDDESCRIPTION

Icoot 1001

I II"ATUI

_[]OPER r-I CLOI[O

HAZARD CLASSI FI CA TION

F_ ¢ATAITROPHI ¢ [] CRiTiCAL

['-] R(SI OUAL

_] CON TIIOLL IrJD

Tankage leaks into enclosed volumes (weeper not gusher):

o Intertank Volume

O _ (Tunnels)

o Aft Tank - Base Heat Shield Volume

o Tug Payload Volumes

o Saddle Bags

o Payload Bay

o Interstage (320 A-3A and 320 AE-3A)

CAUSE AND EFFECT

o Connector misBated
o Fastener failure
o Tank flaw

o Seal leaks

o Ball Joint leaks
o I)ump Valves leak(y)

;mooOFO.ECTIO. A.O.-po.sET,.:

None ,__nt_-i!__n atmosphere.

COMPE._T_Na eROV,S,O"AXO/O. connEcTIvE ACT'O.

O Locator pins in connector panel

o Fracture Mechanics

o Redundant Seals

o All welded ball Joint

o Doub_ failure for dump valves

o If _ permits, pressure decay is indicator

REFERENCE DOCUMENT

REMARKS

PREPARIrD BY

APPIqOVEO

Considered potential low level risk

NAME .EXT. .P,_ NO.

H. wolf l_gl 25/_,81

tkGAC 87117
ll-7Z

PAGE OF



JllJI44klAN .t_lm_l_l_Cl I_aJiSia41k_ln_lDiM

AZARD ANALYSIS RECORD

t VEN|Cb E/Ei.EMEH T• _pACE _G: ALL CONCEPTS EXCEPT IIOA-I
qYSTEl_ SO BSYSTEM

MAIN TANKS

EVIEN T/Idl _LSION PHASE

ON ORBIT
HAZARD DESCRIPTION

i STATUS

_0PCM [] ¢L0 SI[0 [] It[Sl0Ual.

HAZARD CLASSIFICATION

[_ ¢ATAITI'0PHI ¢ f'_ CRITICAl. [] ¢ONTIII0 Ll. [0

Nested dome N20 _ bulkhead can't sustain MMH tank pressure and oilcans.

CAUSE AND EFFECT

Loss of N_:_ pressure.

_THOD OF DETECTION AND RESPONSE TIME

¢OUPmHmTIND PROV,,,O.AND/OR COnnECTIVE ACT,0. -

O Sense tank pressures; vent MMH tank if N204 pressure _ MMH pressure.

NI[FENENCE DOCUMENT

NeNARKS

PRI[PA RED EY

APPNO VE O

_1)6A ¢ •7@7
• --Ta

NAME

H. Wolf

.EXT. .PL--'_'_.OROUP NO. .DATE

z_92 25 _8z 919/73

IAGE OI r



INLNM_,_mm_alROI_I _N

_" HAZARD ANALYSIS RECORD

I VI[HI CI.E/ELEM EN T I CODE
SPAC__o: ALLcoNcE_s I lOO_

°VITEM/SU EEYETEM I ITATUSADAFn_ _o.-. [3cLos.. [3,,..,0.."

INAZARD CLASSIFICATION

EV_XT_,,mo, PNASE TUG-ORBITER MATE ON GRND I [3c**As*m,.,,c 5_ c,,mC*L [3r.o,,_,.L_

HAZARD OESCNIPTION

(l)

(2)

Adapter structure fails during Tug installation in Payload Bay.

(Adal_er used as guide for installation).

Actuators damaged.

¢AUEE AND EFFECT

o

o

o

Allowable lateral movement of Tug exceeded.

Allowable fore/aft movement of Tug exceeded.

Rotational rate excessive.

.THOD OF DETECTION AND RESPONSE TIME

Visual

COidPEN_TING PROVI|IONAND/ORCORNECTIVE ACTION-

o Disconnect Electrical/Hydraulic Lines to Adapter during installa_on.

o Use manned Guy wires to preclude Tug movement laterally or fore/aft

dmring Tug installation.

REF|MENCEDOCUNENT

mARKS

NAME .EXT. .PLT. _ GROUP NO. .DATE [

PMEJIAMEO iY }{. Wolf I_92 25 _81 8/7/73 ]PAGE OV

APPROVED

_I'G A ¢ 1717
ll-lrl



mlqUMMAN ,¢Ui_K_D_ICI CIm_AuOmATIaU

HAZARD ANALYSIS RECORD

. I VEHICLE/EL_I41rNT I CODESPACE TUG: ALL CONCEPTS 1004

• qYSTEM/SU NSYST_M STATUS

_]oplrNSH_TLE INTERFACE [3 c-os.o [] re, o.*.
EVENT/MILSIONPHASE HAZARDC_ASSIFICATION

.AZAHOO.CmPT, O.

Shuttle payload bay doors don't open or only open pal_clally,

caaslng B20 _ (MPS & APS), 02 and H2 tanks to vent.
Under mission envlronment.(Temp 150°F)

CAUSEANDEFFECT

Mechanical Failure

.JrTHOD OF DSTECTION AND RIrSPONS Ir TIME

¢X)MPSNSATING PROVISION AND/ON ¢ORRIrCTIV Ir ACTION .

Overbce_ vents are prov__ded.

REFRRENCSOOGUMENT

REMARKS

di6A¢ STilT

11--TZ

.EXT. .PLT. q'_ GROUP NO. .DATE

1_._ 25 481 7/27/73



mUMMAH __J

HAZARD ANALYSIS RECORD

SPACE TUG; AIJ, CONCEPTS
cooz 2001

MPS, APS
Ir VEN T_MI SSION PHASE

a) LAUNCH PAD b) "]_$'r_.Tc.I-,"P
HAZARD DESCRIPTION

STATUS

[--]OPEN J--] CLOSEO [_] lll[|l 0UAL

IAZARO CLASSIFICATION

O..*s.m..,c _ C.,TICAL [_ CONTROLLED

_mks, Lines or Fittings Leak Propellants

CAUSI[ AND EFFECT

I. Vibration failure

2. Used up available structural life

3. Haman Error

XTWOD OF'DETECTION AWO RESPONSE "TIME

a) ,%_p_.g of z_u'gegas

b) Pressure decay in TBD.

c)

seecods.

Color leak detection tape; post flight inspection.

COMP[HUTING PROVISION AND/OR CORRECTIVE ACTION "

0 Sample payload bay atmosphere continuously on pad

o Provide detanE capability on pad.

o Purge critical Tug bays on pad.

O Provide GN2 payload b_7 delu6e on pad

o Provlde _2/rreon 1301 fire exti_u/shi_ on pad.
O Isolate propellant tanks frr,. engine(s) and pressurant tanks before and after use.

o Redundant valves on all overboard leak paths.

RU,RENCEOOCUHENT
_83_-73006 Hazardous V_por Control

REMARXS

.,,,AR,D,V H. Wolf' I_92 25 _81 6/73 PAOE O'....v.,
tGAC 8?@7

• -?a

• °

@

- •

J



"_w" HAZARD ANALYSIS RECORD

I VEHICLE/EL [MEN T

qYSTEM/$U DSYST Eli

SPACE TT3G: ALL CONCEPTS
STATUS

2OO2

EVENTmISSIONPHASE

HAZARDDESCRIPTION

Do,c. 0 close. [] ,_s,o.A-
HAZARDCLASSIFICATION

I-'lc_'rA",ml'..c 1"9Ce,'rIC*C [] ¢OUTIk0 LL EO

o Pro_ vapors are vented to payload bay.

o Propellant vented to payload bay.

CAUSE AND

EFFECT

o Payload bay temp _ IO0"F

o Vent sys%_n malfun_ion

o luadverte_ vent ccm_and

o Full tanks and vehicle horizontal
._IOD OF DETECTION AND RESPONSE Till[

leads

to

- Corrosion

- Contamination

- Material Degradation

o Ground - Leak detectors in TBD seconds.

O T.-_%_; - Pressure decay in TBD.

o Vent valve position indicators when in the orbiter

COMPENSATING PROVISION AND/OR CORRECTIVE ACTION "

o Isolate tanks before and a_er use.

o Prorate oyerboazd vent during entry.

o Air condition bay ie_ediatel¥ after landing.

o Reconnect vent line after stow in P/L bay.

o Orbiter mold line vents liquid compatible.

REFERENCE OOCUMEN T

B83M048-73007 Propellant Tank Safing
RIMARK$

PREPARED DY

APPROVED

tlrG A C _7@7
ll-7Z

NAME .EXT.



mmJMMAN aUl_ _ ,_
_ HAZARD ANALYSIS RECORD

i VEHIC'E/EC"E. T I coDESPACE TUG: ALL CONCEPTS 2003

• "VSTEM/$U DSYSTEM STATUS

MPS r'lo.-. D cLos.o O._s...*_
!EVIrNT/MISSION PHASE HAZARD CLASSIFICATION

MPS THRUSTING DCAT*ST'_'"'C[]C""CA" OCO"'"O''"
.AZARDOUCRIPT,O"

OfT Design Engine Inle'G Conditions.

CAUSE AND EVVECT

O Engine Prevalve Fails Closed

o Helimn Regulator Fails Closed

o Helium Tank Sh_ Off Valve Fails Closed

.-"If'HODOF DETECTION ANDRESPONSETIME

Heli_ & Ensine inlet pressures sensed. Immediate response possible.

COMpIrNSATING PROVISION AND/OR CORRECTIVE ACTION "

O Shut Engine Down Autc:ns,ticEd/.,7

o Relieve Helium Pressure On Pressurized Propellant.

Nit FERENCE DOCUMENT

REMARKS

PREPARED BY

APPROVED

QGA¢ ll7@7

ll--7s

.PLT, • GROUP NO,

25 _Y
PAGE OF



_ AmROl_UBA_gll

HAZARD ANALYSIS RECORD

SPACE TUG: AL_ CO NCEPlus

Ir VEN T,/Id I SSION PHASE

LANDING/I_mW_TRY
HAZARD DESCRIPTION

I STATUS

[_Opr. ["] CLOSED

HAZARD CLASSIFICATION

r_l CATASTROPHIC i_ CRITICAL

--]RESIDUAL

D CONTROLL_

(a) Shuttle Support for Tug Fails

(b) Cr,,.mon Pressure Bulkhead Fails

(c) Fittings at Engines Fail

Result in Prol_ Mixing = Fire/Explosion

CAUSE AND EFFECT

(a) Exceed_.lowable 3gloats with Fu.llTanl_

(b) Lose Control of _P Across ]_lkhead

(c) Temp/Vibration Regime

j*'I'HOD OF DETECTION AND RESPONSE TIME

Timely _=tecti_ '_,-_4_i!o_ie

OOMPENSATING PROVISION AND/OR CORRECTIVE ACTION

(a) Increase design load requirements to cover entry with full tanks.

(b) sense tank pressure; If _ P (xz_ _ _) vent _ tank.

(c) NDE T_ques

(d) Vent tanks to 20 psia.

REFERENCE OOCUMENT

B83M048-73007 Prop_!-nt T_nk Saf!ng
REMARKS

PREPARED BY

APPROVED

llr@A ¢ lit il7
11-7|

PAGE OF



_ HAZARD ANALYSIS RECORD
VI[RI CL E/EL Ell EH T

7/9/7 
I CODE

2O05SPACE TUG: AIL CON(ZI'I_
WSTEM/SUESYSTEM

Ir VEN T/MISSION PHASE

DOCKING TO PAYLOAD

.AZARDO.CR.PT, O.

impacts payload or _.

I STATUS

[_]Ol*[ll 0 CLOSED [-1 RI[$O DUAl.

HAZARD CLASSIFICATION

f'lc.AsTWmC [] CelT,CAt I--Ico,.NOLL"

CAUSEAHD EFFECT

Amplification of Attitude Commands by fuel slosh.

-T.o. ov DETECTION a.o REPO.SE Tim[

IMU and attitude rate gyro reference unit will sense abnormal rates and via

r_ issue corrective c_mands in ) i0 seconds.

COMPENSATING mROVImON AND/ON CORRECTIVE ACTION "

Add tank baffles if subsequent docking analysis and simulations (in Phase B/C/D)

verify that sloshing fuel causes Tug to impact payload or RMH.

REFERENCE DOCUMENT

REMARKS

NO_ _ .EXT.

H. i_91PREPARED BY

GROUP NO. .DATE

25 _81 7/9/73

I:AGE OF

IIrQA C 8717
ll--Tl



_ HAZARD ANALYSIS RECORD
I VEHI CLE/ELEM EN T

SPACE TUG
_fITlMIl_J liYITEM

C.A_rm
EVEN T/MISSION PHASE

ITATU|

_0.'. [] ¢LO .[O

HAZARD CLASSIFICATION

_ ¢ATASTIIOPH, ¢ [_ CELT, ¢AL

[] m[iIOUAL

[_ CONTAOLL m'L

HAZARD DESCRIPTION

a) Cache tank support on Tug fails.

b) Fi_1_s at Tank-_ interface fail.

CAUSE AND EFFECT

Crash landing after an abort with full tanks.

-TTHOD OF DETECTION AND RESPONSE TIMIE

None

O_.PEN_T,NGeRovima,a.o/oeCORREcnvE ACT,ON.

For thls study crash after abort is groundruled out.

REFERENCE DOCUMENT

REMARKS $ :

Cache tank concept deleted.

___.eXT. .P-T. t OnOUP.0. .DATE
,,_a.EO-V H. 1492 25 481 7/9/73

QGAC ate7
| -71

PAGE OF



HAZARD ANALYSIS RECORD

VEHI Cl. E/El. IJ4 [H 1"SPACE TUG
vSTrJN/dU RaY $1._

MPS
i IITA1.U|

I 00o'". I-Ic_,,o
IrvI[NT/IlIISSION PHASE IHAZARO ¢I.ASSOFOCA1.ION

I [_ ¢ATASTiIOpHI ¢ [] CRITICAL P'] ¢QliTaOLL EO

RI[SI DUAl

NAZANDOUCRIPTIOH

tank implodes. At end of mission, tank contains _i0 psia. During

reentry, when external pressure exceeds i0 psia, _ tank implodes.

CAUSE AND EFFECT

Helium regulator fails closed on tanks used for _H tank repressurization/back fill.

• rTHOD OF DETECTION AND RESPONSE Tilde

_PEH_1.,NG PROVIS,ONANO/OR CORREC_Ve ACT,O".

PUS Helium regulators in parallel with individual shut-off valves.

NI[FERENCE OOCUIdEN T

NIMARK$

Design concept changed.

IINI[PA RED BY

APPNOVED

/_GA¢ 1707
l-tea

NAME mA _t _ .EXT. .PI.T. _ GROUP NO. .DATE

H. Wolf i_92 25 _81 7/10/73
PAGE OF



mmjm_aAN _ _wt_la_aN "
----_r HAZARD ANALYSIS RECORD

I VEHiClL.EIEL E.M EN TSPACE TUG : ALL OONCEI:'rs EXCEPT 32OA-3A/320AE-3A

"_'sT-.,Isu nSYSTEM STAT.S
FROIm___.SION _o.,. [] c_s,. [3 ,_..a._L

EV_TmI.ION ..ASE .AZA.O CLAS,..ICAT.ON
GROUND TRANSPOR_IANDING Qc*,A,*_,..c FR C,..,CAL D_.,,.LLZ.

.a_.o OUCmeTION

Engine bell buckles during transport or at landing.

CAUSE AND EFFECT

Bell collapses from ground handling loads during transport because it is

unsupported.
Bell collapses from landing loads because it is unsupported.

_ITHOO OF DETECTION AND RESPONSE TIME

COMPENSATING PROVISION AND/OR CORRECTIVE ACTION .

Support and constrain bell during ground handling.

Provide support and constraint at landing, eg air bag.

%

RE IFIr RENCE DOCUMENT

REMARKS

PREPARED IY

APPROVED

NAME .EXT. .PLT. _ GROUP NO.

H. Wolf x1492 25 h81

.DATE

9/1+/73
I PAGE

OF

tGA¢ ll?ll?

I--7,1



mPNJM_ AIIl_l_ O_

"--_'/, HAZARD ANALYSIS RECORD
[ VIHI ¢1. E/l'&,, [M IN T

I SPACE TUG : ALL CONCEPTS

I ¢YITEMI IU IIYIT EM ITA TU li

PROPULSION _o,_ O cLos,. D _"_"

IrVF-NT/MISSION PHASE HAZARD CLASSIFICATION

P08T LANDING - SAFIq_G Dc*TAs,....,c [_ CM,:,C*L D¢o.,.oLL_.

2oo9" '

HAZARD OEICRIPTION

R2_ TanE vents du.ring f_mk safin8 operation.

personnel.

Cloud generated moves toward

CAULS ANO EFFECT

Excess P/L Bay temperature

.T.oo OF OETECT,O. a.O .ESPO.SE nU[

Visual, immediate.

COMPENSATING PROVISION AND/OM COR|I[CTIVE ACTION

Connect GSE/AGE lines to fuel and oxidizer vents.

appropriate holding tanks. Scape operation.

Direct any exhaust to

R[FEMENCEDOCUMENT

MINAMKI

PMI[PAMED BY

APPMOVED

N, AIdE

H. Wolf

.EXT. _ GROUP NO.

1491 25 _81

.DATE

816173

IPAGE

OF

I'GAC 1717
I--7|



IIIqUMMAN JdlBIIOIBP_RI _ _

_" HAZARD ANALYSIS RECORD

ITATUI

BOP[li I--I ¢LOII[O

HAZARD CLASSIFICATION

[3 ¢.,.,.o..,c _a ¢,,,,,cA,

SPACE TUG : 320A-3A, 320AE-3A

MAIN ENGINE

EVIN T/IIISSION PHASE

HAZARD DESCNIPTION

BURNS

r-] IIIlOUAL

¢ONTFiOLI. [D

Nozzle won't extend,

¢AUS(ANDI[FFECT

o

o

Mechanical failure.

Command/Control failure.

._THOO OF DI[TECTION AND RESPONSE TIME

COIPEN_TING PIItOVISIONAND/ORCORRECTIV[ACTION -

o Design extend/retract systems fail safe.

o Make Com.and/Control system redundant.

NEFaNENCI[OOCUMI[NT

NI[MARK$

PNI[PARI[D BY

APPIIIOVED

.EXT. .PtT.-& GROUP NO.

z4_ 25 48l

i r

PAGI[ OF

iGA¢ 8717

11--T&



A

__r HAZARD ANALYSIS RECORD

VI[HICL [/EL I[M [N T

*v |TI[IJ/SU ISYSTEM

EVENT/MISSION PHASE

"'HAZARD DESCP3PTION

I CODESPACE TUG*

I STATUSKICK STAGES _o,,. [3¢Lo,(o [3 u,,,u,L

INAZARO Ct.aSS|FICAT|ON

ASCENT I K]¢"*""0""'¢[]C.,.,¢AL [3¢_..OLL.

_oiiI/

Kick Stage alone or with its payload reenters atmosphere, survives

entry and impacts aland mass.
#

* Applies to IlOA*I, _IOAD-Z, 320A-3A, 320AE-3A, 310ARE-3B, 510-A-3B

and 510An_-3B.

CAUSE AN. EPPeCT

a) Perigee less than 800 I_M .:

b) SRMfails to light; Tug cant redock/retrieve

c) Loss of attitude control during SRMburn: Gimbal or APS

,._'qT'HOO OF DETECTION AND RESPONSE TIME

¢OMPENSATING PROVISIONANO/ORCORRECTIV£ ACTION

Minlmu: nnminal mission perigees for satellites using AKB are > 800 nm. Transfer

orbits eg 182 x 19000 nm require failure of SRMto satisfy _ 800 nmthreshold.

SRMhas case made of fiberglass, aluminum fittings, metallic throat. Prime

structure is aluminum. Little will survive entry. For avionics, switches, relays

and gyro rotor n_y survive.

REFERENCE OOCUMENT

IqI[IIIANKS

PNI[PARED BY H. Wolf i_91 25 481 8/1/73
PAGE

APPNO VE D

OF

_GA¢ ll7@7
11--72



lllm.mAMAN _

"_v HAZARD ANALYSIS RECORD

t VI_IIC:L E/EL Eli F.N T I CODE "% _

SPACE TUG: AT.T,CONCEPTS 2012

"lllrlEM/StJ IISYSTEM STATUS

- TUG INTERFACES _o,.. D cLos,o _ mic.*L

ev,r..T_iiss,o,p.ASE .AZA.DCLASSIFICAT,O.
RESTOW& _TRY l-lc_T..,0..,c I_ c.,Tic*- O_Tmo_L,o

.AZAmODESC,,,PT,O.

.4

Recoz_ection of fill, drain and vent lines at the Shuttle-Tug

adapter during restow incomplete;allows prope_ vapor into
cargo _V.

CAUIIIANOEFFECT

o Mechanical failure of ad_pter

o Y_terfaci_g valve(s) not completely engaged.

--'THOO OF DI[TEC'rlON AND RESPONSE TIME

P/L _ Leak Detecti0_

_PENSATING PROVISIONAND/OR CORRECTIVE ACTION "

O Provide signal to orbiter, connection is incc_lete.

o l_c,ride remote manual operation of adapter plate to Tug.

Several connecti_ atte_s must be allowable.

IIt_Fl[ REN CE DOCUMENT

Iq_MANKS

NAME

H. Wo._

.EXT. .PLT. _i GROUP NO. .DATE

_92 25 _8_ 81_6173
OF

_6A¢ 87@7
I--Ira



"_l_" HAZARD ANALYSIS RECORD

'VE.IO.E/ELe.ENT SPACE TUG: AT,T, CONCEPTS
"|TEM/SU BSYSTFJA STATUS

_204 TAm[A(_ _o,.. [3cLo.(o [3.,,,o.,L

EVENT/MISSION PHASe HAZARD CLASSIFICATION

[] CATA|TROPHI C _] ¢ItlTICAL [_] CONTNOLL fm

.a EAR. DESCR.PT,O.

COOl .

2013, ; _

N2_ tonkvents gas/liquid during abort (once around)

d_rimg shuttle atmospheric flight. Shuttle TPS Tiles

lost _ gas/liquld degrades adhesive.

CAUSE AND EFFECT

o _ P/L Bay Temperatures

•-'THOD OF DETECTION AND RESPONSE TIME

COMPENSATINIG PRgVISION AND/OR ¢OR_VE ACTION "

o m

REFERENCE COCUMEN T

REMARKS

PREPARED IT

APPROVED

Assumes gas venting will have little effect o_ TPS bond line.

NAME .EXT. .PLT. "6 GROUP NO. .OAT[

H. Wolf 1491 25 481 8/17/73 PAGE OF

i'@A¢ 17117

I--7|



_ HAZARD ANALYSIS RECORD

IVEHiCLE/ELEUEHT SPACE TLG
•VSTE..ISUISVSTE" STATUS

MPS

EVEN T_II41SSIDN PHASE

DopED I-I oLDsto r-I _s, ouAL

HAZARD ClASSIFiCATION
[3¢**AS*"OP.J¢ [Z]C.,*I_L E] CONTROLLED

HAZARD OESCmPTION

MPS burns too long for vehicles with Level IIB automomy.

CAUSEaRo E,,ECT

Eug'Jme valves fail open

Engine on command fails om

.TNO0o, DETSCTID.ANDHESPDHSETIUZ

Accelercmeters/ccmputer

COAIPENILATING PROVISION AND/OR CORRECTIVE ACTION

Provide backul 0 en/_ine shutdown program in cc_puter

Hard wire engine shutdown signals to engine prevalves

Rir FERs'RC[ DOCUMENT

R_MARKS

Ground override is possible if burn occurs over ground station and burn

is _itored.

PREPARED BY

APPIqOVED NAME .EXT. .PLT. _ NO. .DATE Ii

H. Wolf i_92 25 _82 9/6/73 ,AaE OF

mGA¢ 8717

8-,I



IMMAN A_mN_ISW_.B cam_amh_rmm

"__" HAZARD ANALYSIS RECORD

IVE.,C-K/EL_"E"T SPACE TUG: ALL CONCEPTS
qY.-./,u _V.T_ ISTATU,

APS I Do,'. D¢_s'o D m,"*L
i

tVZNT/.ImO. P.AS.r I.*ZA.O CLASS,F,CAT,O.
Io--.--..[].,..L

.AZA.Oo.c.lpT,o.

I COO, 3001

_ent vent of _ropellant vapors to cargo bs.7

CAUSEW.O EF,_Cr

In correct comman_ or failed burst disc causes cargo bay.contamlnation, material

degradation, fire potmntial.

_THOD OF D[T[CTION AND RESPONSE TIM Ir

COMPENSATING PROVISION ANO/OR CORNIrE,-'TIVE ACTION .

o C_rew_raiz_iz_

o Two actions to issue _ cummsnds

o Isolate tanks from engines and pressure source before and after use.

o Fire APS Jets on a no net torque, net force, plmne impingement basis to APS

delllet_on.prlor to Tug stowage in P/L Bay.

REFIRENCE DOCUMENT

RRMARKS

PRF.PA RED llY

APPIliOVE 0

tGA¢ 1717
ll-7_

HI( .EXT.

- wo_ _,,_,,4.92

.PLT. _ GROUP NO. .DATE

25 h_81 6/i]_/73



glqtJIVlMAN aUIIE_OllPR_aE _imm_lNA911DN

_HAZARD ANALYS_ RECORD

I VIr HICLE/IrLEMEN T SPACE TUG: ALL OONC_:PI_
' "_r ITEM/IU lit ST EM STATUS

E--lOPER [] ¢LOS[O _--I Itl[S, OUAL

I[VENT/MISSION PHAlli[ HAZARD CLASSIFICATION

.AZ*RDo.cR,p_o.,

coos 3002

o Lou of propellant acquisition

¢AUSI[ AN n EFFECT"

Bladder fa_s
or

o _reen blocked by gas bubbles

-eTHOD OF DETEC'TION AND RESPOII.li Ir TIME

COMPENSATINGPRO.VJSIONAND/OR C:OiENECI"IVEACTION

Quali_r thrusters to accept gas bubbles or demonstrate adequacy of

bladders or screens in qualiflcatior tests.

REPIRENCE OOCUMIN T

RBIARKS

PREPARED BY

AIIPNOVED

/tGA¢ 1717
I--7l

H. WoJ.f

.PLT. ]k GROUP NO. .DATE

PAGE OF



AZARD ANALYSIS RECORD
I CODEVI[NI ¢1. E/El. [M EN T

SPACE TUG : 310RE-3A_ 31OARE-_B
*VSTEM/:iiU ESY ST EM I STA TU $

RETRIEVAL I_LAY MOIEEL I _o,,. I"1cLos,o [] qsIO.*L
eVIF.NTiqtlILSION PHASE IHAZARO CLASSIFICATION

DOCKII_ TO _'JG I [3_.-..0..,¢[]c.,.,c.L OO_T"OLL..
.a_Ro OESCRIP,_ON

Depletion of attitude control propellant

r._uu AND U,ECT

o Jet fails on.

o Exceed mission time limits.

,TWO0 OF DETECTION ANDRESPONSETIME

Attitude gyro reference unit.

_PEN_TINO PROVISIONANO/OR CORRECTIVE ACTION .

Yalve failure rate (0.000003) sufficiently low to make risk acceptable.

lilUEFl[ REN C[ OOCUMENT

mARKS

• _lA¢ 871Y
1--71

H. _92

.PLT."_ GROUP NO. .DATE

25 7191 3



_ HAZARD ANALYSIS RECORD

IW.ICLI[/EL_I[. TSPACE TUG:. *

"_DTI[M/SLI RSV STEAl

ADD ON APS ON CACHE TANK," AKS & DKS

I[VI[N T/M I SSION PHASE

SEPARATE ON ORBIT FLIG_

ITATUI

NO,[, r]¢tOSEO ['7 RESl 0UAL

HAZARD CLASSIFICATION

[_] CATASTNOPHi C [] CRITICAL E] ¢0NTROLLI[O

14A ZARD DESCRIPTION

Loss of attitude control.

Applies to ll0A-l, 410AI)-2, 32OA-3A, 320AE-3A, 310ARE-3B, 510A-3B

and 510ADE-3B.

CAUSE AND l[FFl[CT

* Check valve fails open depleting propellant.

* Regulator fails closed.

.cr.o. OF .EVl[CT,ON aND nESPOHSET,.l[

Propellant pressure/temperature data.

OOUPI[R_T,HO PROVISIONAND/OR CORRECT're ACT,O" -

High reliability components used.

_Fl[Rl[NCl[ DOCUMENT

Ni_liA RK|

tl_M¢ ,717

_-Tt

.PLT. "& GROUP NO.

25 _81
PAGl[ OF



"--_v HAZARD ANALYSIS RECORD
VI[NI CLE/EL [M EN T

qYETEM/DU ESYST jr_

SPACE TUG : AT.T. _N_
COOE

J STATUS

[]OP[N O CLOS[O

NAZAMOC| ASSIFICATION
_]C*T*STROPNIC[]CN,T,CAL

O RESlOUALAVIONICS

EVeN T/MISSION PHASE
[7 CONTROLLED

HAZARD DESCRIPTION

Groun_Orbiter Cannot Override Function

- HI:'S Shutdown •

- APS Jet Isolation

CAUSE AND EFFECT

o C_ System malfunction: Gzound, Orbiter, Tug

o I]4Sma_tion: camputer, DACU, m_nory

o Mechanical Switch Fail_re

-l_OO OF DETECTION AND RESPONS[ TIME

OOlIpIrNSATING PROVISION AND/OR CORRECTIVE ACTION

o Mkke Safety Critical Equipment Redundant

liH[ FERENCE DOCUMENT

mARKS

_6A¢ I7|7
i--II

NAME __EXT.
H. Wol_ 1492

I PAGE

OF



"--_" HAZARD ANALYSIS RECORD p

I VEH.C'E/eLE.EHT I CODESPACE TUG: ALL CONCEPTS 4002

' "VITIN/IU ISY IT EM STATUS

AVIONICS Oo,(. [] cLos,o I"1m,O.AL

EVE.NT/llAISSION PHASE. HAZARD CLASSIFICATION

EENDEZVOUB, DOCKING, SEPARAT. _c*,*s*.op.,c [[]CRITICAl. r']CONTItOLLF.9
HAZARD DESCRIPTION

Critical Propulsion ccm_uds absent when required eg.

APS shutdown after R_ engage.

CAUSEAHD zv,,-c'r

o Cow System malfumction: Gz'etmcl, Orbiter or Tug
o I_malfuncticm: computer, DACU, memory
o Human error: Orbiter, (h-ound Crew
o Mechanical Switch Failure

_'THOO OF D[TEe._rlON AND RESPONSE 3_liE

o Catastrophic items - Immediately by

o Cri_h=al items -

CO..EH_T.Ha eRov.mO. AHO/OR COR.eC_VE ACT.OW

O _ Safety Crit ieal equtl_, re_z_

o _ _ to _ tna_e_e_ c_man_s

REFERENCE OO CUMLrN-T

REMARKS

PREPARED BY

APPROVED

K.wo (

GROUP NO.

PAGE OF

ttGAC |?li7

"'-*" 6



_ HAZARD ANALYSIS RECORD

I VE.ICLE/ELE.ENT SPACE TUG :
4*V|TEM/IU liSVST [M

I CODEA_ CO_C_ _:_o3
STATUS

r'JoPEN ,AVIONICS 0 c_s,. []u,,=,_

EVi[NT/1UISSION PHASE HAZARD CLASSIFICATION

EOS DO_G/SEPARATI_ DcaTAsTao,.,c [] CRIT,C*L D_T*OLLtO
HAZARD DESCRIPTION

Attitude Control mectrontcs Fails When Tug

Nears Orbiter

CAUSE AND EFFECT

SJ_;le Channel of Ccmand Control Electronics Commands Jet

rull_

_T.oo oF DETeCTiON*.0 RESPONSETi,,e

Jet FaJ._u_e I_-tion Logic

COUPENSATING PROVIS,ON ARO/OR CORRECTIVE ACTIOH.

Pzovide Channel Red_cy And Jet Failure 1_ction Logic
Which Isolates Jet.

RE Fir RENCE DOCUMENT

REMARKS

PREPARED BY

APPROVED

tI_G A ¢ llTll7

8-7Z

NAME __ EXT.

H. wolc i_92

.PLT. GROUP NO. .DATE

25 _ 6D.51_

PAGE OF



_IUMMAN ,ABOqOOOe_U_l

'--_v HAZARD ANALYSIS RECORD

_$TEX/SU GSYSTEM

GZ_C
i

[TiN T/HI $SlON PHASE

ON ORBIT

HAZARD DESCRIPTION

i CODE

_4
STATUS

rl_opIr. [] CLO S(O

HAZARD CLASSIFICATION

[3¢..,.mo..,c _ C.,T,C*.

[] RESIDUAL

O CON TRO LL E0

Inertial reference and attitude data degraded significantly.

¢aus- ANDEFFECT

o Loss of shims between NAY Base and prime structure.

o Attach point fitting for _V Base improperly torqued.

-'moo ov O_ecv,o. AND n-,spoMs,r T,H(

None in flight. Requires ground tracking data.

_PEH_T,HG PROV,S,O.aNotORCOH.EC_W ACT,O. -

Prol_r maintenance proceduzes, precautions and inspections

NI[FIRENCE DOCUMENT

NI[MANKS

NAME _ _ .EXT. .PLT. • GROUP NO. .DATE

..,.A.EO.Y H. Wolf _ i_9e 25 481 7/10/73

-...,o Sl /  <g te
time Ili7

I-il

PAGE OF



HAZARD ANALYSIS RECORD
V'.,Ct.E/E|._Z" T

SPACE TUG: *

"_IITEM/tU llYST[M /
ITATU S

ADD ON AVIONICS ON CACHE TANK, DKB, R_Mr_o,'. [[]_.Ea
EV£NT/MlSSlON PHASE |.AZARO Ci.ASSIF, CATION

SEPARATE ON ORBIT FLIGHT / Oc_.A,..o..,¢ _ C.,.,CAL
.AZ*.O DE.CR.P*.O.

I CODE

_05

I"1 RI[SI DUAL

r"I_VliOLL[O

Loss of attitude control.

* Applies to 41OAD-2, 31OEE-3A, 310ARE-3B and 51OADE-3B.

CAUSE AND EFFECT

Can't switch to wide deadband on APS after separation.

premature propellant depletion.

Results in

,.{THOD.OFO£TECTION AND RESPONS£TiME

Propellant pressure/temperature data.

CONPe._T,.GP.OV,S,O. A.D/ORCOReECnVE ACT,O..

Communications system equipment is redundant. Other subsystems equilmnent will be

made redundant as dictated by reliability analysis to achieve 0.97 mission success,

and safety requirements.

REFERENCE DOCUMENT

REMARKS

pM£PAMED BY

APPROVED

I_QAG 1717
i--71

H. WolfW-_'_ 149e 25 481

.DATE

PAGE OF



_U_AMAN m_

_HAZARD ANALYSIS RECORD

VEHI CLE/ELEM EN T
SPACE TUG : AT.T. CON(_PI_

"_STEM/SU ESY ST EM

AVIONICS

E VfJt T/IlII ISSION PHASE

ON ORBIT

HAZARD DESCRIPTION

J IITATU S

_]OPI[W [--] ¢L0$[0

HAZARD CLASSIFICATION

J"] ¢ATASTIIOPHI C O CRITICAl.

[] iil[Sl OUA L

,_ CON T llO Ll* ED

Electronics degraded by high energy particles.

CAUSE AND EFFECT

Solar Flarerdegrades sensors, power transitors and solar cells. Failure is not

complete or catastrophic but degrades components below spec. value therby

effecting the reliability of the system.

;_oo OFO"TECTION A.D .ZSPO.SE TI"E

iMP Satellite; via radiation detectors on boA_rd the Tug.

order of several hours.

Response time is in the

COMPENSATING PROViSiON AND/OR CORRECTIVE ACTION *

_ 8o8o _ 55
indicates design conditlons/requirements.

REFERENCE OOCUMENT

REMARKS

NAME .EXT.

PREPARED mY H. Wolf 1492

APPROVED

QGA¢ $7117

ll--73

.DATE [

6/28/73 PAGE OF



ANALYSIS_ HAZARD RECORD
VEHI Cl, E/EL fJ4 EN T

SPACE TUG:

"wSTEM/I_J IISY STEM

SlOE SAFE/,_M

EVENT/MISSION PHASE

OR]GT

HAZARD DESCRIPTION

ALL KICK STAGE CONCEPTS

i |TATUS

_'] OP[X , 0 ¢LOS[O

HAZARD CI,ASSI FI CA TiON

CATASTROPHIC _-] CRITICAL

I CODE

_oOT *

KSI OUAL

r] CON Tlil0tL EO

Cim,_qnd/ccmtrol of SRM Safe/Arm causes SRM to fire inadvertently.

CAUSE AND EFFECT

o Fareign external ccmmnd

0 Sequencer started early
o Sequencer for AKS continues into DES commands

.4[THOO OF DETECTION AND RESPONSE TIME

GOMPENUTING PROVISION ANO/OR CORR[CTIV[ ACTION .

o Address and code couns_ds

o C_mm_nd "Verify" before initiation

O Use two step safe/arm procedure, initiated by orbiter crew only.
o Inhibit SRM ccmmmads within TBD nm of EOS.

o For AES/DKB mode provide redundant inhibit between sequences.

o "Secure" comm gear provided to prevent foreign signals interference.

REFERENCED OCUMENT

REMARKS

PREPARED IY

IAGE

OF

APPROVED

.EXT. .PI.T. & GROUP NO. .DATE

1492 25 _1 7/27/73

eGA¢ 17e7

I -TZ



mI_UMMAN _Z_E

"--j_" HAZARD ANALYSIS RECORD

VEHICLe/EL[.EHT SPACE TUG : 1lOAf

|TEM/SU ElY ST Eli

xz ze
EVEN T/MISSION PHASE

HAZARD DESCRIPTION,

STATUS

_OP[. [_¢LOS[D

HAZARD CLASSiFiCATION

[_ CATASTROPHIC _q CRITICAL

_'_ E$1DUAL

O ¢QNTIqOLL [O

Loss of Tzausmitter at polnt of RMS (release ) of Tug.

(acquisition)

CAUSE AND EFFECT

Power A_lier fails open

Power output lost

Oscillator fails off

*METHODOF DETECTION AND RESPONSETitle

B'O erbat-tm information to arbiter

COMPENSATING PROVISION AND/OR CORNl[c*rIv[ ACTION

i. ) Continue deploy mlsai_ aA_er release

2. ) A_cer acquisition real time decision required

- accel_ risk of limited Tug status info dnring stowage in P/L ba_

- release Tug; monitor Tug at safe dlstauce: reacquire or Tug lost

REFERENCE DOCUMENT

REMARKS

Ass_s status of vehicle was O.K. until failure.

Also only one tre_tter assumed and safety critical data hard lined to EOS

when Tu_ in orbiter.

,,,,E .EXT. .PLT. • ORO,P,O. .DATE ii

PREPARED ,V H. Wolf 1492 25 _81 9/9/73 ]PAOEAPPROVED

OF

llrG A ¢ 87@7
U-7,



IBmJMM,,AdM AEzm_BgwJ_E _ ,_,,b_,
HAZARD ANALYSIS RECORD

I VleHI CLE/ELEM EN T I CODESPACE TUG: ALL CONCEPTS 5001

I eYITEMIIU ISYITEM ITATUI

THERMAL CONTROL [-]o.,. [3cLo.,o []m,,.._

EVENT/MISSION PHASE HAZARD CLASSIFICATION

SAFING POST LA_ING _C*,AS..0P.,C _ CRITICAL r-]COWTNOLLrO

.AZARO DESCR,PTIO.

LOSS Of Ground. Cooling IAu-lng Soakback

CAUSE AND EFFECT

o _e to HoD]rapA/C _ui_ to EOS

A/C _lui_. _ O_

.THOD OF OETECT|ON AND RESPONSE Tilde

COMPENSATING PROVISION AND/OR CORRECTIVE ACTION

Make _C Equipt FO/FS. Provide Redundant _C Connection Points
E06.

REFERENCE DOCUMENT

REMARKS

.",E j,. ,_ -/;-'*,. .FLT.,O,UP.O. .OATE I:

PREPAREO mY H. Wo1_ _I_'_92 25 481 | I PAGE

tiGA¢ 1717
11--71

OF



mlmRJI_IMAN Arnw_oI_ACU

'-_Y HAZARD ANALYSIS RECORD

SPACE TUG: ALL CONCEPTS EXCEPT IIOA-I

VEHI CLE/EL EM EN T

*VlTEM/iU BIYITEM

CONTROL

EVEN T/HI SSION PHASE

HAZARD DESCRIPTION

STATU$

Oo,'. • Q¢'_""
.AZA.OCLASSI,ICATIO.

[] _[SI DUAL

[] CONTROLLED

Loss Of Fuel Cell Heat

Rejection Capability.

CAUSE AND EFFECT

Radiator Fails Depleting Coolant.

2THOO OF DETECTION AND RESPONSETIME

Pressure Loss and Temperature Gain in THD Seconds.

COMPENSATING PROVISION ANO/OR CORRECTIVE ACTION *

o Auto Detect, Shutdown, Switch to Backu_ Power.

o Orient Vehicle Saddle Bags Away from Sun.

o Determine Time Available Before IMU & PA Degrades E_cessivelY

REFERENCE DOCUMENT

REMARKS

PREPARED iY

APPROVED

_lrG A ¢ STilT
°--7Z

NAME __EXT.

T-T.wo___ 1492

.PLT. _ NO. .DATE

25 61 5173

PAGE OF



mw_

HAZARD ANALYSIS RECORD
Vl[RI CL*,/EL EAi EN T

SPACE _ ALL CONCEPTS
]

_*,TEM/IRJ IISYSTEM

1

ORD_L.NCE

IrvI[N T_i41SSlON PHASE

GROUND CHECKOUT AND INFLIGHT

HAZARD OESCRI PTION

J |TATUS

I--_ OPEl* [] ¢1.0 SEO

HAZARO CLASSIFICATION

[] ¢ATASTAOPHIC [] CAITICAL

[_ R[SImJAL

[] ¢ONTROLL EO

Any of the following Pyros inadvertently initiated:

o
o
o

- 0

Tug-Adapter Emergency Separation

AES SRM Separation

APS on DKS Tank Isolation

AES and DKB Igniters

CAUSE AND *,FFECT

o Sneak Circuit

o DG

o Stray Voltage

.'THOD OF DETIrCTiON AND RESPONSE TIME

OOUPENSATING PROVISION AND/OR CORRECTIVE ACTION .

l:Yovt4e housing, interlocks, redundancy grounding, isolation and safety devices

so that no single failure or combination of undetectable failures cause premature
initiation.

m[eERENC*'M_UM_81 SOAR II Vol. XI .Page 50

mAmCS

NAME .EXT. .PLT. i GROUPNO. .OAT*" !I_pAG*'

P,Z'ARED ,Y H. Wolf 1491 25 481 8/3/73

APPROVED

OF

111'6A ¢ 17@7
11--72



roMAN _,IK_BIACl

_HAZARD ANALYSIS RECORD

I V'NIC'E/E'EMEN T SPACE TUG

IYITEM/IU IIYITEII

CRANE

I[VlrN TJllil ILION PHASE

TUG REMOVAL AFTER ABORT
HAZARD DESCRIPTION

I ITATU S

I_OP[lt r-I ¢LOIID

.AZARDCLA.IF,C.T,O.
_C.AST,,O..,C _ ¢.,.,.L

O ll[ll DUAl.

[] CON TiliOLL[D

Vehicle shifts position and contacts orbiter doors during

re_uval from cargo bay.

CAUSE AND EFFECT

o CG misjudged as one tank has been emptied.

o Sling slips or is improperly positioned.

;THOD OF DETECTION AND RESPONSE TIME

¢OMPENIATING PROVISION AND/ON CORRECTIV I: ACTION.

/
/s

o Design lifting sling to accommodate any Tug/PL
CG location.

o Prevent Tug/PL rotation by use of manually controlled

guy wires.

RI[ FERENCE DOCUMENT

II[MARKS

PREPARED BY

APPROVED

NAME

H. Wolf

.EXT. .PLT. "i GROUP NO. .DATE

1491 25 481 8/17/73
PAGE OF

lilAC 1717

I--7l



mlIN.I_MAN _mNOINI_I

_ HAZARD ANALYSIS RECORD

VIH,CLE/EL"[NT SPACE TUG : ALL 00N(EPTS EXCEPT IIOA-I

'=',,EW,.'"''" .ATU,
EeS Do,z. I-I_Lo,,o I-I.-,00_

"E_FI[N T/ll41S$10 N PHASE

Icoot "9001

ASC]_T_ DESCENT: SAFING
mqsAno OESCmPT,O.

HAZARD CLASSIFICATION

[_ CATASTliDPN, ¢ [] CIIITICAL D CON TIIOLLED

Vent Reactants and STEAM in to Payload Bay Causing

o Fire Potential
i

o Sensitive surface contaminati_ and degradation

CAU|E AND EFFECT

Reactants

o T.oss of therm_ control

o Ve_ malfunction

o Y_e_ventent command
£THOO OF DETECTION AND RESPONSE TIME

o Pressure change in T_D

o Visual Yz_r_-ctioe

Steam

o Normal system operation

COMPENSATING PROVISION AND/OR CORRECTIV s" ACTION

o l_owlde vents to Shuttle skin

o Yent/_u_ reactants prior to stowage in P/L bay

o _ hydroga tanE bay prior to landing
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glqUMMAN P_lmQl_ma_J 0_!_4_10N

HAZARD ANALYSIS RECORD

i V'.ICkir/ECe"_T SPACE TUG :

I qYITEM/W 8SYSTF-.M

ALL CONCEPTS EXCEPT IIOA-I

ir vIr.N T/Id I SSION PHASE

HAZARD DESCRIPTION

EPS

ENTRY; LANDING

STATUS

rio,,. 0 c_,,.
HAZARD CLASSIFICATION

I-'lr_,As,moe.,c [3 C*,T,CAL

F"] ItEsi DUAL

_] CON TNQLLED

Fuel Cell Reactant Leaks Into Saddle Bag/Partier

Volume

CAUlir AND EFFECT

o T.tne or fitting failure frum excess G.

• ,.'_HOD OF DETECTION AND RESPONSE TIME

I_2 and 0 2 detectors

¢OMPIrNSATING PROVISION AND/OR CORRIrCTIVE ACTION -

o Fuel cell reactant lines and fittings will be qualified to demonstrate adequate

safety factors after fatigue testing to simulate life cycle vibratory/loading
conditions.

o Vent tanks to minimum pressure

o Inert volume around I_ tank
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mM_U_ _ _N

_ HAZARD ANALYSIS RECORD

I VIN,C't/E'F..E. T ICOOEI SPACETUG: ALL CO_;CEP_ 900,_
a "VlTIlIVIU IIIYIT El STATUS

ELECTRICAL POWER [_o,,. [[]cLo,,, [3K,,_A_
tv_.*/.,.,o.P.AS_ .AZAROCLASS,.,CAT,O.

ASCENT [3_.A..O..,¢_3 ¢.,.,_L [3CO...OLL._
.aza.. O_CmP_ON

Shuttle Ix_mr supply to %k_ fails off.

CAUK ANDEF,ECT

C.B. Fails Open

.'tTHOOOFDETECTIONANDRESPONSETIME

power monitor

COUpE._T,.G PROV,.,O.aRO/ORCOReECT,VEACT,O.

_ckup power automatically provides buss power.

at partial load 125 watts will deplete battery.
mission or duing stowing.

Time in excess of 240 minutes

Results in no power backup on

NEFERENC[OOCUMENT
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